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THE GEOLOGY AND ORE DEPOSITS OF THE BISBEE 
QUADRANGLE, ARIZONA. 



By Frederick Leslie Kansome. 



INTRODUCTION. 
GEOGRAPHY. 

The Bisbee quadrangle lies in Cochise County, in the southeastern part of 
Arizona, within what has been called in a previous paper" the mountain region 
of the Territory. It is inclosed between meridians 109^^ 45' and 110° 00' and 
parallels 31° 30' and 31° 20', the latter being locally the Mexican boundary line. 
The area of the quadrangle is about 170 square miles, and includes the south- 
eastern half of the Miile Mountains, one of the smaller of the isolated ranges 
so characteristic of the mountain region of Arizona. The Mule Mountains, while 
less markedly linear than the Dragoon, Huachuca, Chiricahua, and other neigh- 
boring ranges, have a general northwest-southeast trend. They may be considered 
as extending from the old mining town of Tombstone to the Mexican border, a 
distance of about 30 miles. On the northeast they are separated by the broad 
flat floor of Sulphur Spring Valley form the Chiricahua Range, and on the 
southwest by the similar broad valley of the Rio San Pedro from the Huachuca 
Range (PI. V, A). 

The town of Bisbee (PL V, B)^ with an estimated population of about 6,000,* 
is crowded into a few narrow confluent ravines near the heart of the range, 7i 
miles north of the international boundary. It is connected by the El Paso and 
Southwestern Railroad to the east with the new town of Douglas in Sulphur 
Spring Valley, with Deming, and with El Paso. To the west, branches of the 
same road run to Naco on the Mexican boundary, to Tombstone, and to Benson 
on the main line of the Southern Pacific Railroad. At Douglas connection is made 



aRansome, F. L.. Geology of the Globe oopi)er district, Arizona: Prof. Paper U. S. Geol. Survey No. 12, 1903. 
b Population not given in Twelfth Census, as town is not incorporated. 
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with the Nacosari Railroad to Cos and at Naco with the Cananea, Yaqui River and 
Pacific Railroad to Cananea, thus bringing the new smelting town of Douglas 
within reach of the important mines at Nacosari and Cananea in the State of 
Sonora. 




Fio. 1.— Index map showing position of the Bisbee qiuidmngle. 

The position of the Bisbee quadrangle is shown in the accompanying index 
map (fig. 1). 
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INTBODUCTION. 11 

FIELD WORK AND ACKNOWLEDGMENTS. 

The geological field work upon which this report is based was begun in the 
middle of September, 1902, and finished late in December of the same year. 
Throughout this period efficient assistance was rendered by Dr. J. Morgan Clements 
and Mr. Alfred M. Rock. Mr. Clements is chiefly responsible for the careful 
mapping of the Cretaceous beds and of the Juniper Flat granitic area. 

After a reconnaissance of the quadrangle had been made, Dr. George H. Girty 
joined the party and devoted five days to an examination of the .ocal Paleozoic 
sections and faunas. The results of his brief examination were highly fruitful in 
suggesting the most natural divisions of the Paleozoic sequence. Without his aid 
and the patience with which he, after his return to Washington, examined over 
twenty collections of Carboniferous fossils, sent him from time to time by mail, it 
would have been impracticable to have separately mapped the Pennsylvanian and 
Mississippian limestones. Much of the geological structure would, in such case, 
have received no cartographic expression. 

Mr. Girty, after the close of the field season, reviewed all of the Carbonif- 
erous collections from the Bisbee quadrangle, selected the Carboniferous fossils for 
illustration, and furnished the paleontological note that is elsewhere included in this 
report. Prof. H. S. Williams, of Yale University, and Dr. T. W. Stanton, of this 
Survey, have placed me under similar obligations with regard to the Devonian and 
Cretaceous fossils, respectively, while Dr. Charles D. Walcott kindly examined the 
small collection of Cambrian forms that determine the age of the Abrigo limestone. 

To Dr. W. F. Hillebrand, Dr. H. N. Stokes, and Mr. George Steiger, of this 
Surve}^ I am indebted for chemical analyses, tests, and criticism. 

To name all of those in Bisbee who in various ways lent cheerful aid during the 
progress of the work would make too long a list. Each one who opened to us his 
records and gave generously of his time may be sure that his courtesy is not for- 
gotten. May he also feel that he is in some degree a contributor to so much of this 
report as deserves his approval. 

LITERATURE. 

Publications treating of the geology and ore deposits of the Bisbee district are 
surprisingly few when it is considered that the Copper Queen mine has long been 
one of the largest producers of copper in the Territory of Arizona. But the Mule 
Mountains lie to the south of the routes of the earlier geological explorers who 
accompanied the expeditions of the Pacific Railroad and Wheeler surveys, and even 
after the presence of ore was ascertained in the late seventies, the region was for 
some time difficult and dangerous of access. 
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A. SAN PEDRO VALLEY AND HUACHUCA RANGE FROM THE MULE MOUNTAINS. 




B. BISBEE FROM SACRAMENTO HILL. 
Holbrook shaft in foreground; Czar shaft in middle. 
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HISTORY. 16 

Up to about 1900 the Copper Queen, maintaining a steadily increasing output, 
continued to be the only important mine in the Bisbee quadrangle. Within the 
last three years, however, the Calumet and Arizona Company has opened extensive 
workings in the Irish Mag and neighboring claims, and has shown that large bodies 
of high-grade copper ore are by no means confined to the ground quietly developed 
for over twenty years by the Copper Queen Company. The opening of a second 
large mine has increased the activity of an already flourishing district. 

Simultaneously with the entrance of the Calumet and Arizona Compan}", 
Phelps, Dodge & Co., who control the Copper Queen Company, having become 
dissatisfied with the existing railway transportation by way of Benson and the 
Southern Pacific, with characteristic boldness and energy set about securing better 
facilities for their large freight traffic. They built the El Paso and Southwestern 
Railroad, connecting Bisbee directly with El Paso, 240 miles away. This line, which 
was completed in 1902, promises, with its various branches and connections, to 
become a very important factor in the economic development of southern Arizona 
and northern Mexico. 

The present smelting plant of the Copper Queen Company, situated in the town 
of Bisbee, is cramped for room and necessarily unsystematic in arrangement. The 
new railroad has made possible the erection of more commodious modern works 
near the rapidly growing town of Douglas, situated 26 miles from Bisbee, in the 
middle of the broad Sulphur Spring Valley. The new smelter was in course of 
construction in 1902, and the smelter of the Calumet and Arizona Company, also 
at Douglas, began reduction with one furnace in December of the same year. 
Probably ere this report appears all the ore mined at Bisbee will be smelted at 
Douglas, much to the improvement of the former town as a place of abode. 

The business portion of the town of Bisbee consists for the most part of unsub- 
stantial buildings, crowded into the bottoms of narrow ravines, with reckless dis- 
regard of the occasional flood which sooner or later will inevitably claim its own. 
(PI. V, B.) The enterprise and public spirit of the Copper Queen Company is 
shown by an excellent general store, a public library, a large gymnasium building of 
brick and stone, a handsome and well-appointed hotel, and a pipe line throdgh which 
pure water is pumped from a well 118 feet deep near Naco. The town, however, is 
badly in need of public waterworks and a sewerage system. Shallow wells open to 
obvious contamination are largely used as sources of drinking water, and typhoid 
fever still finds victims among the careless and ignorant. 
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PRODUCTION. 

Tbe annual production of the Copper Queen mine from the beginning of 
operations to the cloise of 1^)2 is as follows^ the figures being taken from those 
furnished by the company and published in successive Tolumes of the Mineral 
Industry, beginning with 1S93: 

Annual pr^)d\juctiirn of the Copptrr Qneen mine in pounds of ^*hlaek^ (cr^ide) 

o)pper, 

1S80 1,37».940, 1880 12,152,910 1898 33,7-»,390 

1881 3.M66.581 1800 13,11D.0»4 1889 36,90U«W 

1882 7.744,278 1801 13.022.967 1900 ^.382.309 

1883 7.523,981 1892 12,9l«.41S 1901 39.781.333 

1884 7.868,817 1883 ' 13.796,618 1902 36.831.755 

1^ «'«3-^2 1884 12,968,372 ^^^ 378,047.210 

1886 ««3,797.256 1806 15.741,732 

1887 «"5,707,72» 1806 23,298,150 

1888 12,031,614 1887 23,909,873 

If there be added to the above total :2«<J66«647 pounds^ the product of the newly 
opened Calumet and Arizona mine in V^y±^ there is obtained a total recorded output 
for the Bishee quadrangle of 38<MI3*8o7 pounds of copper. 

There will undoubtedly be a notable increase in production during liK^3* owing 
to the active operation of the Calumet and Arizona mine, and a still further increase 
may be expected when the new smelter of the Copper Queen Company at Douglas 
is running at its full capacity. 

CLIMATE AND VEGETATION. 

The climate of Bisbee offers no marked exception to the prevailing aridity 
of central and southern Arizona. Owing to the altitude of the town. o.3m» fwt. 
a maximum temperature of \^^ is rarely exceedeil in summer. The minimum 
temperature seldom falls below l">-. and the aimual mean is about ^>.5 . As 
;4hown by the reports of the United States Weather Bureau from \>\^\ to the 
end of 11><N). the average annual precipitation is about 17 liicbe.s. >o tliat the 
aridity, while pronounced^ is not extreme. The hottest period, in June and July, 
is closely followed by the rainy season, usually beginning in July and lasting 
until r^eptember. During this season the greater part of the precipit;itioii falls 
a^* heavy showers, which are often very local in extent and of short duration. 
Occasional showers of rain and flurries of snow may occur at other times during 
the year, but they are rarely enough to tint with green the bi-own landscape* or 
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to lend any effective aid in washing detritus from the mountain slopes into the 
valleys. The quadrangle contains no permanent streams, and but few perennial 
springs. 

Junipers and oaks of some size were formerl}^ abundant in the Bisbee quad- 
rangle, particularly on Juniper Flat and Escabrosa Ridge. But with the demand 
for firewood these have disappeared. Such trees as still grow on some of the 
northern hill slopes are little more than bushes. Prior to 1893 oak trees stood 
in the streets of Bisbee, and the neighboring hill slopes were dotted with 
shrubs. But this vegetation was destroyed soon after the introduction of the 
matte process in the Copper Queen smelter with its attendant sulphurous fumes. 

Once each year, just after the summer rains, the country awakes for a brief 
period from its long drought to a belated spring. Grasses wave over many of 
the hill slopes and gay-colored flowers nod among the rocks. But this change 
in the face of the country is as transient as it is beautiful, and the fresh 
verdure soon fades into the neutral tints of hopeless aridity. 

GEXERAIi GEOIiOGY. 
TOPOGRAPHY. 

TOPOGRAPHIC NAMES. 

The Bisbee quadrangle, like many other western mining districts, is curiously 
lacking in appropriate names for its topographic features, while such names as 
have become fixed suggest, but too often, minds untouched by imagination and 
ears untuned to musical sound. This want of good names becomes a real obstacle 
when any attempt is made to describe in detail the topography and geology of 
such a district. To overcome this difliculty, new names have been given in this 
essa}' to such hitherto unnamed topographic features as require frequent mention. 
In most instances these have been derived from the Spanish language, which is 
not only an historically appropriate source but is rich in euphonious terms. 
The purist may perhaps object to such a combination of Spanish and English as 
Escabrosa Ridge, but experience shows that this usage merely anticipates the 
almost inevitable transformation undergone bj' names of Spanish origin in the 
attrition of familiar use. It is only necessary to cite such well known names in 
Arizona as Santa Rita Range, Huachuca Mountains, Colorado River and Tonto 
Basin to illustrate this tendency. Whether the names here proposed will ever 
transcend their present employment as a literar}- expedient and come into 
popular use, must depend of course upon their filling a local need. 
51»— No. 21—04 2 
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The new names employed in this report are as follows: 

Abrigo Canyon (Spanish, shelter). 

Mount Ballard 1 , 

\f t M t* (from Messrs. Ballard^ Martin, and Reilly, who opened 

Mount Reilly J ^^^ Copper Queen mine in 1880). 

Bolsa Canyon (Spanish, purse or pouch). 

Cintui-a Hill (Spanish, waist). 

Escabrosa Ridge (Spanish, cliffy). 

Escacado Canyon (Spanish, checkered). 

Espinal Plain (Spanish, place full of thorns). 

Mural Hill. 

Naco Hills (from town of Naco). 

Soto Canyon (Spanish, bushy). 

GENERAL CONFIGURATION OF THE MULE MOUNTAINS. 

As the boundaries of the Bisbee quadrangle have been determined without re- 
gard to physiographic or geological unity, it is desirable that a brief general 
account of the topography of the Mule Mountains should precede the more detailed 
description of a smaller area. For the still broader relations of the quadrangle 
to the Territory as a whole, the reader is referred to the physiographic outline 
of Arizona included in the re^wrt on the Globe copper district, to which refer- 
ence has already been made. 

Topographically, the Mule Mountains are less imposing than the neighboring 
Huachuca and Chiricahua mountains, lacking both the striking linear plan and 
the bold serrate form of these ranges. They are a compact group of ridges and 
peaks and, like other mountain masses in this part of Arizona, rise abruptly 
from broad valley plains floored with Quaternary deposits. If the relatively low 
and rathered scattered hills southeast of Tombstone l)e considered as a part of 
Mule Mountains, the length of the range is about 30 miles. The maximum width, 
in the vicinity of Mule Pa^s, 2 miles northwest of Risl)ee, is about 12 miles. 
The length of the range is thus about two and one-half times its breadth. Its 
trend is northwest and southeast The greatest elevation, 7,40i) feet, is attained 
by Mount Ballard, one of the peaks of Escabrosa Ridge (see PI. 1), ^ miles 
southwest of Mule Pa^ and 2i miles west of Bisbee. The general height of the 
ranee decreases both to the northwest and southeast of Mule Pass. About 5 
nnles northwest of the pass the road to Tombstone enters more open country. 
The hills become relatively low, and l>efore Toml>stone is reached, are divided 
into semidetached clusters by broad embayments of Quatj^nary alluvium, contin- 
uous wUh that flooring San Pedro or Sulphur hpnng valleys. Ju,t southeast of 
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Tombstone, these island-like hills connect the main mass of the Mule Mountains 
with the southern end of the linear Dragoon Range, and form a low divide be- 
tween Sulphur Spring and San Pedro valleys. 

Five miles southeast of Mule Pass the width of the range contracts rather 
abruptly to about 5 miles and this narrowed portion decreases in general altitude 
toward the Mexican border, where the range terminates in a low, broad pass through 
which the international boundary line runs from Sulphur Spring Valley to the 
valley of the San Pedro. The geological structure of the southeastern end of 
the Mule Mountains continues across this pa.ss, however, and the Morita Hills ^ 
in Mexico, just south of the boundary line, are made up of rocks similar to those 
composing the southern end of the Mule Mountains. 

On their northeast side the Mule Mountains present a fairl}- straight front, 
their slopes rising with moderate steepness from the gently inclined detrital plain 
forming the southwestern part of Sulphur Spring Valley. The line separating 
the mountains from the San Pedro Valle}^ on the southwest is much more sinuous 
and the mountain front more variable in slope and height. Gently sloping plains, 
continuous with the floor of the main valley, extend, bay-like, into the mountain 
mass. The town of Naco lies in such an embayment, which in this case not only 
extends into the Mule Mountains as Espinal Plain (see PI. I), but separates this 
range from the San Jose Mountains in Mexico, just southwest of Naco. 

Within the Mule Mountains may be distinguished two topographic divisions, 
based upon geological structure, and roughly separated by a northwest-southeast line 
passing through Bisbee, through Mule Pass, and down Tombstone Canyon. North- 
east of this line the mountains are sculptured from comparatively soft Mesozoic 
beds, striking approximately with the trend of the range, and dipping at generally 
moderate angles toward Sulphur Spring Valley. The slopes of these hills are 
comparatively smooth, although the occurence of a hard fossiliferous limestone in 
the middle of the generally arenaceous group of sediments has occasioned a 
conspicuous and persistent cliff of erosion (PI. IX, E), 

Southwest of the divisional line Paleozoic and older rocks prevail. These 
are generally more resistant to erosion and more heterogeneous in character than 
the Mesozoic beds, and have a far more complicated structure. Their degrada- 
tion has consequently resulted in a more rugged and less regular topography. 
These older rocks have their greatest development west of Bisbee, and it is here 
that the range is highest and broadest. With the gmdual disappearance of the 
Paleozoic rocks to the northwest and southeast, the Mesozoic rocks make up an 
increasing part of the mountain mass, and the general height of the mnge 
diminishes. Thus the low hills for some distance toward Tombstone, and the 



a See Atlas of the International Boundary Commission between the United States and Mexico: Senate Doc. No. 247, 
66th Cong., 2d seas., Atlas Sheets 13 and 14. 
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innigniticant ridges into which the range subsides at its southeast end, are made 
up prineii^illy of these less durable Mesozoic l>eds. 

The comparatively simple northeast front of the Mule Mountains conforms 
to the general strike of the Mesozoic strata. The more irregular southwest front 
is likewise conditioned by structure, but of a more complex character. For 
while the dominant structures cjf the Paleozoic rocks to a recognizable extent 
conform to the tivnd of the range, the minor and less uniform structures result- 
ing from transvei*se faulting, complex folding, and irregular intrusions have 
deeply impn^ssed their own chai^acter u|>on the topography. 

RELIEF AND DRAINAGE OF THE BISBEE QUADRANGLE. 

With this preliminary survey of the topography of the Mule Mountains as a 
whole, attention may now lie given more particularly to the Bisbee quadrangle, 
which (embraces pmctically the southeastern half of the range. 

Prolmbly the most marked topographic feature apparent in the map of the 
quadrangle is the sharp contrast between mountain and plain — a contrast which, 
while in no way exaggerated, is perhaps even more striking in a map than on the 
ground; for the tmveller, {lassing through the arid portions of New Mexico and 
Arizona, has usually had the same feature rei)eated before his eyes again and again 
long ere he reaches the Mule Mountains. In the eastern part of the quadrangle, the 
floor of Sulphur Spring Valley, rising gently to the southwest from the valley 
axis, with a grade of less than loo feet per mile, ends abruptly at the Mule Moun- 
tains, whose northeast front rises with an average grade of alK>ut SOO feet per mile. 

There is a slight Increase in the inclination of the plain as the mountains are 
approached, owing to the accumulation along their front of coarser fluviatile material 
in low coalescing detrital fans. This ini'rease, however, is not enough to detract 
materially from the abrupt change in slope, which corresponds in general with the 
boundary Iwtween the Quaternary wash and th(^ older rocks. The difference in alti- 
tude In^tween the lowest part of Sulphur Spring Valley included within the quad- 
rangle and the highest {^oint in the Mule Mountains is about H,8iK> feet. 

In the southwestern i^tirt of the tjuadrangle, Kspinal Plain, which surrounds the 
town of Naco and is really an emimyment of the San Pedro Valley, exhibits a similar 
contrast to the mountains north of it. To the east of the plain the change is 
less marked, as this jwrt of the Mule Mountains just east of (told (lulch, compt>sed 
of Mesozoic conglomerate, is well worn down by erosion. Kspinal Plain, as may l)e 
seen frt>m the geological map (PI. 1), is not entirely a constnhtional plain, but is in 
minor i>art floored by Mesozoic and Paleozoic rcx'ks eriMloil to the general sIojh* of 
the plain surface. 

The two-fold topographic division of the Mul»» Mountains, already refenvd to, 
is well shown in the Bisbee quadrangle. Northeast of a line drawn about half a mile 
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northeast of Tombstone Canyon, Mule Pass, Bisbee, and extending southeast to Gold 
Hill, there is, broadly speaking, a monoclinal ridge composed of Mesozoic strata, 
with general northeasterly dip, resting upon pre-Cambrian schist and intrusive 
granite-porphyry. The back of this ridge is deeply furrowed by numerous 
consequent intermittent streams flowing northeast into Sulphur Spring Valley. 
When considered in detail, however, the strata composing the ridge are found to 
be folded and to be cut by several faults. 

Southwest of this dividing line are the Paleozoic and pre-Cambrian rocks. On 
the whole, the Paleozoic beds have a northwest- southeast strike, which finds topo- 
graphic expression in Escabrosa Ridge and in the chain of hills extending past Black 
Gap to Gold Hill. On the southwest slope of Escabrosa Ridge immerous faults 
and dikes of porphyry, in general parallel with the strike, have cooperated in 
maintaining the dominant northwest-southeast trend of the main ridge. Inspection 
of the map (PL I), however, shows that the complex deformation of this portion of 
the quadrangle has led to a much more irregular topography than that character- 
izing the Mesozoic terrane to the northeast. 

Southeast of Gold Hill the general topographic division just described does 
not exist. The Paleozoic rocks are here for the most part buried beneath the 
Cretaceous beds, and the latter extend farther to the southwest than elsewhere in 
the quadrangle. 

Two river systems compete for the drainage of the Bisbee quadrangle. One is 
that of the northward-flowing San Pedro, whose waters find their way through the 
Gila and Colorado rivers into the Gulf of California. The other is that of the 
southward-flowing Yaqui River, which also enters the Gulf of California after 
traversing the Mexican state of Sonora. The divide between these two drainages 
enters the quadrangle at boundary moiumient No. 91, and runs north across 
Espinal Plain to a low saddle about half way between Black Grap and Gold Hill; 
thence it turns northwest across the open basin just north of Black Gap, and 
coincides with the crest of Escabrosa Ridge as far as Mount Ballard. From this 
peak it swings northeast across Mule Pass to the broad ridge known as Juniper 
Flat. The country lying northeast of this tortuous water parting drains into Sul- 
phur Spring Valley, and during the wot season such water as is not evaporated on 
the way reaches White River or the Agua Prieta, a headwater tributary of the 
Yaqui River. The country southwest of the divide has a similar intermittent 
and paitl}^ underground drainage into the San Pedro. 

Not only is the annual precipitation in this region as a whole insufficient to 
maintain vegetation of such character as might serve as a protective covering to the 
hill slopes, but it falls in a manner to accentuate this deliciency. The violent summer 
rains descend as a rule upon hills that have been parched by months of burning sun- 
shine, during which all herbaceous plants have become shriveled and brown. The 
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lmn» gn)und is directly ox|X)8ed to the wash of the rains, and the finer particles of 
disintegrated rock that mi^ht, if undisturbed, have ultimately become soil, are swept 
down to join the turbid floods in the arroyos and by them borne valleyward. 

The pn»vailinj^ly fitful action of enmion in arid countries has received attention 
from various obs<»rvors, without, however, losing its latent power of impression 
uix)n all who an» brought into dire<*t contact with its work. As regards erosive 
j)nH*esscs, southern Arizona jiresonts many points of likeness to the Great Basin, of 
which (lillM^rt writ^»s": 

**As in other desert regions ])recipitation here results only from c^'clonic dis- 
turlmnce, eitluM* l)road or local, is extremely irregular, and is often violent. Sooner 
or later the 'eloud-liurst' visits every tract, and when it comes the local drainage- 
way discharges in a few hours mon» waU»r than is yielded to it by the ordinary pre- 
cipitation of many years. Th<^ (h4uge s(*ours out a channel which is far too deep and 
bn>ad for onlinary needs, and which c<»nturies may not suflice to efface. The abun- 
dance of tlu\s(« trenches, in various stagi^s of obliteration, but all manifestly unsuited 
to the evi»ry-day croiiditions of the (rountry, has naturally led many to believe that an 
age of ex(M»ssiv(^ rainfall has but just c^^asinl — an opinion not rarely advanced by 
travelers in oth(*r arid regions. So far as may be judged from the size of the chan- 
nels draining small cati*hment basins, the rare, brief, jmroxysmal precipitation of the 
desert is at hMist equal while it lasU Ut the rainfall of the fertile plain.** 

The usual bt^havior of the inU^rniittent torrents of southern Arizona and 
northern Sonoia, as they issue from their ronfin(*d chaiuiels upon the broad valley 
plains, has been graphically descrllw^d by Mc(i«Mi. '^ The water, no longer held 
within canyon walls, spreiids out as a wheel whl(!h iHu^oiues mpidly thinner as it 
advances into the valley, (le|M)sitH its burden of sediment as a thin wash of 
lK)wlders, gravel, Hn<l sand, an<l, unless the wliower be unusually prolonged, soon 
sinks out of sight within the iMiroim iMciimulation of earlier flooils. Thus it is, 
that even the larger arniyos issuing from tlie Mule Moimtains into the Sulphur 
Spring Valley as a rub' loose lln^ir idiMitity before they have prweedeil more 
than H or 4 miles from the mouths of their iHvines (IM. 1). The energetic 
showers which are capable of p«»rformiiig ronsideruhle i^ro«innal work within the 
mountiiins are too transii^nt to cut pernMiiMiit ntnain wii>Hnut to the axis of the 
main valley, and so <'a<rh intermittent stream him in onliimrv years its own local 
base-level, defined by tlu^ low (h»trit4il apron in front of its ravine. This feature 
in the drainage*, together with tlu'. fre.ijuent ornirn nre. in tlio miny season of 
very local downpours whereby o\u^ stream nm> Is* swellird lu nmrh greater extent 
than others in its inmu'diate neighbiirhood, ti'ud to pn:veiil ilic delii'ate adjustments 
to load, volume, gnwle, and stwii'ture timt rluinnteri/e llu-. rontimumsly acting 
stre^ims of more humid regions, and wliich not only nniler I lie whole of a river 

cKillUTt, <i. K.. I^ikrHiMilii'vUli!; Muii I h i.n.l nuj ^ > .^..1 j |nuj, ,, ii 
bMcOee.WJ.HheeimMHjuitinlon: BuU.Uuul l«/i^ Aiiiwllm. v.,| o. iow^*. ,,,, un^ m. 
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system sensitive to a change in any of its parts, but make for permanence of 
drainage plan. Material that is swept along with ease through the narrow 
channels of the mountains becomes suddenly unwieldy when laterally unconfined, 
and is soon dropped. Thus the vigorous erosion of the mountains is out of all 
proportion to that of the arid intermontane valle3's, and but a small portion of 
the material carried from the mountains to the valleys is thence in turn borne 
to the sea. The valley floors thus become burdened with detritus, and their feeble 
drainage ma}" be diverted or ponded and evaporated. As the mountains are 
encroached upon by the growing waste slopes, the latter tend more and more to 
become geographically important albeit somewhat unstable divides, subject to 
change through the capricious action of some cloud-burst in the mountains. 

It is probable that at some time during the early Quaternary the drainage 
from the upper part of Mule Gulch* escaped southward through Black Gap, 
and was afterwards diverted to its present channel, which enters Sulphur Spring 
Valley at Forrest's ranch. The primary cause of the diversion was probably 
the difference of about 500 feet in the local base-levels determined by Sulphur 
Spring Valley and Espinal Plain. Thus, while the stream issuing from Black 
Gap was hindered in its downward cutting by the apron of waste which it and 
other arroyos had deposited upon Espinal Plain and were powerless to sweep 
into the Rio San Pedro, the eastward-flowing stream had a decided advantage in 
the delivery of its burden into the lower and broader Sulphur Spring Valley. It 
was thus enabled to cut back into the mountains until some freshet probably 
gave it possession of the water that formerly flowed out through Black Gap. 

A somewhat similar change of drainage is indicated by the topography near 
Gold Gulch. Examination of the map suggests that the drainage of upper Gold 
Gulch formerly flowed southwest toward the Rio San Pedro, and that the present 
course of the arroyo past Johnson's and Christianson's ranches into Sulphur 
Spring Valley, and the resultant shifting of a part of the main divide to the 
Quaternar}^ deposits of Espinal Plain, is due to diversion by the more active 
arroyos tributary to the Agua Prieta. 

PRELIMINARY OUTLINE OF THE GEOLOGY. 

The fundamental rocks of the Bisbee quadrangle are crystalline schists of 
pre-Cambrian age, separated by a profound imconformity from the overlying 
Paleozoic beds. The latter comprise a basal Cambrian quartzite 430 feet in 
thickness, succeeded by over 4,500 feet of limestones representing portions of 
Cambrian, Devonian, and Carboniferous time. The Silurian, so far as known, 
has no lithological representation in the quadrangle. 

At the close of the Carboniferous period the rocks of the Bisbee quadrangle 
were deformed by faulting and folding, and were cut by intrusions of granitic 
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magma. The principal mineralization of the district probably dated from this 
time of revolutionary di«turl)ance. The region em a whole was elevated above 
sea level and subjected to erosion until the beginning of the Cretaceous period. 

During the Cretaceous the land again sank beneath the sea, and over 4,500 
feet of sandstones, shales, and limestone, representing the earlier part of this 
period, were accumulateil. 

Subsequently, elevation brought these sediments above sea level and exposed 
them to erosion. The (|uadranglc contains no rocks of Tertiary age, and there 
are no known facts from which to determine the exact date of the post-Cretaceous 
uplift. It was accompanied or followed by faulting and folding. 

During the Quaternary, and prolmbly during a part of the Tertiary, the higher 
parts of the Bisbee (|uadrangle have been undergoing erosion, and have shed their 
waste into the flat-floored valleys surrounding the Mule Mountains. 

PRB-CAMBRIAN MBTAMORPHIC ROCKS. 

PIXAL MCHIKT, 

Xfune. — In a previous rei>ort" the name Pinal schist was applied to the funda- 
mental cr3'stalline metamorphic rocks of the Pinal Range. These were shown to 
l^e essentially quartz-muscovite or riuurtz-Hericite-schists formed by metamorphism 
of arenaceous sediments, and to Ik* sc*parated from tlie oldest Paleozoic rocks by 
a profound unconformity. The Pinal Itange lies about 90 miles north of the 
Bisbee quadrangle, and no occurrence of Pinal schist has yet been identitied 
within the intervening country. Nevertheless, the lithological similarity of the 
schists of the Pinal Range and Mule Mountains, and their identical relation to 
the great unconformit}' at the base of the Paleozoic', are considered as justifying 
the application of the name Pinal schist to the Imsal schistose rocks of the Bisbee 
quadrangle. 

Dhtrthntion and tjeneral strncturt\ — The Pinal whist is the ancient crystalline 
foundation upon which rest all the Paleozoic; and younger scHliments of the region, 
and through whic^h have broken the granite and intrusive iM)rphyries exposed in 
various parts of the district. It is probable that it underlies the entire quad- 
rangle but for the most part is buried beneath hundreds or thousands of feet of 
later rocks. At present it is exposed only in the northwest ((uarter of the 
quadrangular area, w^here the geological structure has le<l to the stripping off by 
erosion of the beds which formerly covered it. 

The largest area of Pinal schist, if interruptions due to intrusive bodies be dis- 
regarded, is that which underlies the town of Bisbee. This arcMi, which, so far as 
present exposures go, is divided by the porphyry mass of Sacramento Hill, extends 

aRansome, F. L., Geology of the Globe copper district, Arizona: Prof. PajM-r I'. H. iUhA. survey No. 12, 1908. 
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southeast of the town for about 3 miles and finally disappears beneath the Creta- 
ceous rocks in Mule Gulch. Northwest of Bisbee the area becomes much broader, 
and the Pinal schist forms most of the slope between Tombstone Canyon and the 
crest of Escabrosa Ridge. It is the rock in which Brewer}' Gulch and Dubacher 
Can3'on have been excavated north and east of Bisbee, passing, near the heads of 
these mvines, beneath the Glance conglomerate which marks the base of the Creta- 
ceous sediments. It is exposed also by the erosion of the overlying Cretaceous in 
the upper part of Soto Canyon, east of Juniper Flat. 

Along Escabrosa Ridge, northwest of Mount Martui, the Pinal schist is well 
exposed, sometimes forming the crest of the ridge and sometimes capped by outliers 
of Paleozoic strata. It also extends down the southwest slope of the ridge, as in 
Moore and Bolsa canyons, but is there intersected by an elaborate netw^ork of dikes 
and faults. The most southerly exposures of the Pinal schist are in a few small 
fault blocks near the mouth of Escacado Canyon, a mile and a half northwest of 
Don Luis. 

In general, the main exposed area of schist may be described as limited on the 
southwest partly by passage beneath the unconformably overlying Bolsa quartzite 
but chiefl}' by faults and igneous intrusions, and on the northeast by the irregular 
line defining the base of the Cretaceous beds, under which the schist extends for 
an unknown distance as the eroded basement upon which these Mesozoic sediments 
were laid down. 

The Pinal schist has a typical schistose structure. The planes of schistosity are 
usuall}' more nearly vertical than horizontal and are so contorted and so variable in 
dip and strike from point to point as to preclude in the present stage of regional 
denudation any unraveling of general pre-Cambrian structure. The dominant trend 
of the schistosity appears to be about east-northeast and west-southwest, but wide 
departures from this direction are encountered on every hand. The schists some- 
times exhibit an inconspicuous banding, which is not always parallel with the planes 
of schistosity, and is suggestive of an original bedded structure. 

Neither the original base of the rocks which have been transformed b}- metamor- 
phism to the Pinal schist nor the present bottom of the latter terrane is exposed in 
the Bisbee quadrangle. Accordingly, the thickness of the Pinal formation prior to 
recrystallization and the present depth to which the schists extend remain unknown. 

Litholorjy, — The Pinal schist varies in color from light to dark gra\% often 
with a slight tinge of green. The cleavage, as in most crystalline schists, is 
imperfect and the surfaces have commonly a satin-like sheen. In texture and 
general appearance the schist is monotonously^ uniform. It is very tine grained 
throughout, and the naked eye can rarely distinguish an}^ mineral constituents 
other than small glittering scales of sericite and occasional granules of quartz. 
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The microscope shows that the essential constituents are quartz and sericite, 
which form a crystalline aggregate of minute interlocking grains and tiny foliated 
wisps. The sericite shows a tendency toward arrangement in parallel bands, and 
thereby gives to the rock its imperfectly fissile character. With these prepon- 
derant minerals are commonly associated a few small prisms of tourmaline up to 
a quarter of a millimeter in length, occasional red garnets of about the same 
diameter, a few nests or shreds of chlorite, small crystals of zircon and gran- 
ules of magnetite or ilmenite. An occasional grain of sodium-calcimu feldspar, 
probably oligoclase, can sometimes be microscopically detected among the quartz 
grains which make up most of the rock. Amphibole was not observed in any 
of the specimens studied, and biotite is certainly a rare constituent, although it 
was noted in a bleached and decomposed state in a single thin section. 

Origin, — In mineralogical and chemical composition, the schist of the Mule 
Mountains is very similar to the Pinal schist of the Pinal Range described in a 
recent report,^ and there shown to have been derived by metamorphism from 
arkose sediments. The evidence of original sedimentary character is less satisfac- 
tory in the Bisbee quadrangle, as there is no decisive indication of former bedding 
and no real proof of original clastic texture. Nevertheless the general character 
of the schists in the Bisbee region renders it highly probable that they too were at 
one time arkose sands and silts. The metamorphism has been more uniform than 
in the Pinal Mountains of the Globe district without the development of any such 
coarsely crystalline facies as there make up part of the schist. The difference is 
undoubtedly connected with the absence of pre-Cambrian granitic intrusives in the 
Mule Moimtains and their abundance in the Pinal Range. Much of the metamor- 
phism of the Pinal schist in the Globe quadrangle is due to the obvious contact 
action of large intrusive masses. While it can not be said that concealed }x)dies of 
intrusive rock have had no part in the recry stall ization of the Pinal formation in 
the Bisbee quadrangle, the process seems to have been more nearly a simple case 
of what is known as regional metamorphism. For this alteration deep subsidence 
and burial under later deposits, intense folding and squeezing, and time for the 
completion of slow crystallization and chemical rearrangement are considered 

efficient causes. 

Age and carrel<iti^n.—The crystalline Pinal schist, in which almost all original 
structure has been obliterated by metamorphism, underlies Cam})rian hods in which 
the ordinary change from loose cross-bedded sands to hard sandstones or quartzites 
constitutes the only noticeable alteration. The Cambrian beds rest with a basal 
conglomerate upon the eroded edges of the contorted schists. The Pinal schist is 

'aRansomeT^'Z^oify of the Globe copper district. Arizona: Prof. Paper U. 8. Geol. Survey Ko. 12, 1903^ 
pp. 23-27. 
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therefore not only pre-Cambrian but is separated from the Cambrian strata by a 
profound unconformity. This unconformity, considered in connection with the 
train of geological events implied by the complete metamorphism of the Pinal schist 
prior to the deposition of the earliest Cambrian sediments of the region, presents 
no less vividly to the imagination "the long result of time" than do all of the 
up-piled beds of the Paleozoic. There can be no question but that the Pinal schist 
is vastly older than the Cambrian sediments. 

The Pinal schist of the Mule Mountains, and of the Pinal Range, and possibly 
also the Vishnu schist of the Grand Canyon probably belong to the same geological 
period and present somewhat different aspects of the fundamental crystalline com- 
plex of Arizona, upon which have been laid down the Algonkian Grand Canyon 
group (embracing the Unkar and Chuar terranes of Walcott), the Cambrian sedi- 
ments represented by the Tonto group of the Grand Canyon section, the Bolsa 
quartzite and Abrigo limestone of the Mule Mountains, and the Apache group of 
the Globe district, which has not yet been definitely assigned to either the Algonkian 
or Cambrian. 

Shall the Pinal schist of the Bisbee region, in view of its probable sedi- 
mentary origin and in spite of the tremendous unconformity that separates it from 
the- Algonkian beds of the Grand Canyon group, also be considered as Algonkian? 
If the original definition of the Algonkian as including all pre-Cambrian sedi- 
mentary rocks be accepted, the Pinal schist belongs in that period, which must 
then be considered as embracing rocks above and below the most significant uncon- 
formity known in Arizona. In view of this fact, it seems best, in the absence of 
definite correlation, to refer to the Pinal schist simply as pre-Cambrian, leaving 
it to future investigation to determine whether the Algonkian is to be represented 
in Arizona by the ''Grand Canyon series," or by the "Vishnu series," or by both 
of these series separated by an unconformity apparently as profound as any 
described in geological literature. 

PALEOZOIC SEDIMENTS. 
GENERAL STATEMENT. 

The Paleozoic rocks of the Bisbee quadmngle are divisible into five formations. 
At the base, resting upon the Pinal schist, is the unfossiliferous Bolsa quartzite. 
Overlying the quartzite is the Abrigo limestone, carr^^ing middle Cambrian fossils. 
Succeeding the Abrigo is the Martin limestone, of Devonian age, which in turn is 
overlain by the Mississippian (^' Lower Carboniferous") Escabrosa limestone. The 
youngest of the Paleozoic formations is the Naco limestone, which overlies the 
Escabrosa and belongs in the Penn^ylvanian ("Upper Carboniferous"). 
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mile west of the center of town the quartzite, which has been quarried for silica 
is well exposed as the basal formation of the faulted svncline of l\ileoxoic nx^ks 
to be described in subsequent images. Half a mile west of the quarry and 
separated by a great fault from the syncline just n^ferred to is the most typical 
and instructive exposure of the Bolsa quartzite to be found in the quadrangle. 
The beds, with a total thickness of 43«» feet, rfre continuously exposJeil in the 
line of strike for a distance of a little less than a mile along the northt^si sloj^ 
of Mount ^lartin (PI. I). They rest with a very conspicuous uniX>nformiiy up^^n 
the pre-Cambrian schists, and dip to the southwest at an angle of alH>ut :^r> \ 
They are conformably overlain by the Abrigi> limestone (Cambrian), suci^^eiied by 
the Martin limestone (Devonian) and the Elscabrosa limestone (** Lower OirlH>nifor- 
ous^ or Mississippian), the last named forming the summit of Mount Martin. As 
this section (PL ^^, .4) is a typical one not only for the Bolsa quartzite but for the 
overlying Paleozoic limestones, it will l>e frequently referre<l to in the following 
pages and may be conveniently designated the Mount Martin section. 

Between Mount Martin and the western edge of the quadrangle are nmny 
small areas of the Bolsa quartzite bounded on one or more sides by faults. 

As may be seen from the geological map (PI. I) all of the exposures of the 
Bolsa quartzite occur in the northwest quarter of the Bisbee quadrangle. The 
formation undoubtedly underlies other portions of the area studied, but is there 
buried beneath younger beds. The present distribution of the exposed areas is 
determined by deformation and erosion, not by original deposition. 

Lithciogy, — ^The Bolsa quartzite is constant in its lithological character, and is 
readily recognized wherever it occurs. 

The base of the formation is exposed at many places along Elscabrosa Ridgt\ It 
is invariably marked by a bed of conglomerate from 6 inches to a foot in thick- 
ness, resting upon the eroded edges of the pre-Cambrian schists. Most of the 
pebbles of this basal conglomerate ai-e composed of white vein quartz, and are rarely 
over 3 inches in diameter. This conglomerate is overlain by hard pebbK- grits in 
beds from 10 to 20 feet in thickness, the change from conglomerate to grit InMiig, as 
a rule, not very definitely marked. The scattereii i)ebbles in these thick-l>eddtHl 
grits are usually white quartz, but their matrix frequently contains abundant small 
fragments of pink feldspar mingled with the predominant quartz gniins. Cross 
bedding is often a conspicuous feature in the lower part of the formation. The 
pebbly grits in turn pass upward into thinner bedded, moiT vitreous, tine-grained 
quartzites showing no feldspathic material, which are conformably overlain by the 
Abrigo limestone. 

Conditions of deposition. — The Bolsa quartzite was deposited during an advance 
of the sea over a subsiding basement of pre-Cambrian crystalline roi'ks which had 
been worn down by long-continued erosion to a nearly level plain. The arkose 
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chamcter of some of the lower beds of the quartzite shows that this ancient crystal- 
line liasement is cH>n) posed in part of granitic rocks. None of the latter, however, 
are exposed in the BislxH^ quadrangle, whei'e fine-grained sericitic schists are the 
only prt^C'anibrian rocks known. The basal conglomerate of the Bolsa forma- 
tion is a littoral deiK)sit made up of the most durable materials of this schist 
terrane, chietly fragments of quartz derived from the numerous irregular veins 
that iH*cur within the S4*hists, while the finer particles of quartz and flakes of 
mica were prolmbly trans|K)rt4Hl by currents into deeper water and contributed to 
the formation of tlie overlying quartzite beds. The general nature of the Bdaa 
formation, (larticularly tht> [M^bbly and cross-bedded character of its lower portion, 
indicate that deiK>sition t(H>k place in comparatively shallow water, with probaUy 
a gradual increase in depth as the upper beds were laid down. The conditions 
were apparently not favorable to marine life, as no organic remains have yet been 
found in the lk>lsa ({uartzite. 

A</t' and i\trrelation. — Ah no foMsils have been found in the Bolsa quartzite, 
its exact giH)logicHl age is not dinM^tly detenninable. It will presently be shown, 
however, that the Uolmi formation is conformably overlain by the Abrigo lime- 
stone which contains a middh^ ('aml>rian fauna. It is thus without very much 
doubt, the stmtigniphic t^iuivalent of the Tonto sandstone of the Grand Canyon 
section, considered by \Vah»ott'* aw also in(*luded within the middle Cambrian, 
the lower Cambrian being there reprenented by the unconformity between the 
Tonto and the (imnd (>anyon NiwioH. It Ih possibly the ei|uivalent of at least the 
lower jmrt of the thickt^r and tnorn varleil Apache group of the Globe district 
in centnil Arizona, about llo mileH north northwest of the Bisbee quadrangle, 
and also corn^lattHl pnivlHlonally with the Toht4> group/ 

In the Mule Mountains as in \\\\\ Olobi^ district the alisence of Algonkian 
IhhIs tHiuivalent to the (JrantI Caiiycui group renders the unconformity at the base 
of the middle CanU>rian even more pronouiired than in the (iraud Canyon. At 
BislHH> the Holsa tjuartjsite n^sts tiirerlly upon the Pinal schist, which is correlated 
with the Pinal schist of the (Ihilm ntgion and is l•t^gal\UH^ as pn.>bably the 
eipiivalent of the Vishnii s(^hiHt of the (irund Canytm si>otion. The relation of 
the Bolsa cjuart^ite to the Hragoon quartisit4! of Dunible lias already been 

;[;am*, -The Abrlgt> Unieat4M»e Is nanied fmni /\hrltf(» (Hvn>4u\, 8 miles southwest 
of Bisbee, where the beds etunpiwing the furnmlinn arn well exiKis^xl. 

DIMutwn, thivkn^^y nmt i/tntrul ah'ufiurnf./iij, \^\u^ tlie IWsa quartzite, 
the Abrigo limestone occnirs principally In the nnrlhwistmn part of the quadrangle, 

' uWalcott. C. D.. Alrmklun nn^k- of iho Urniut (^.uv^m ui .lu .i.I..,h.|u. 4uui. i , . >.» ;, ,^, », ^ 
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although a few small areas are found within the attenuated belt of Paleozoic 
rocks extending southeastward past Gold Hill toward Glance Creek. The most 
satisfactory occurrence, and the only one in the quadrangle where the entire 
sequence of the beds from base to top may be studied in a single continuous 
exposure, is that of the Mount Martin section, 1^ miles west of Bisbee. 

As measured in this section the Abrigo limestone is 770 feet thick. It rests 
conformably upon the Bolsa quartzite and is overlain by the Martin limestone 
(Devonian). The beds strike nearly northwest and southeast, and dip southwest 
at an angle of 25*^. 

Man}^ smaller areas of the Abrigo formation occur along the crest of Esca- 
brosa Ridge, usually bounded on two or more sides by faults or by dikes of 
granite-porphyry. The most extensive exposures, however, are found on the 
southwest slope of the ridge, where the Abrigo limestone underlies a practically 
continuous area about 1 mile in width and 4 miles in length, stretching north- 
west from Abrigo Canyon to about 1 mile beyond Moore Canyon. The boundaries 
of this area are in most cases faults or intrusive contacts. The prevailing strike 
of the beds is northwest and southeast and they dip in general to the southwest. 

As the Abrigo limestone is more readily eroded than the granite-porphyry, 
Bolsa quartzite, and younger Paleozoic limestones, the larger areas of this rock 
are found associated with topographic features of relatively slight prominence. 
The area just described as stretching northwestward from Abrigo Canyon is 
characterized by gentle slopes, broad open arroyos, and low ridges in marked 
contrast with the more rugged topography of the main Escabrosa Ridge. (PI. I.) 

Llthology, — The Abrigo limestone is distinguished from the other calcareous 
formations of the local Paleozoic section by its prevailing thin bedding, and particu- 
larly by a conspicuous laminated structure produced by the alternation of thin 
irregular sheets of chert with layers of gray limestone. (PI. VI, B,) The 
layers of limestone may be 2 or 3 inches in thickness, while those of chert are 
usually less. This cherty lamination is eminently characteristic of the Abrigo 
limestone in the Mule Mountains and serves as a ready means of identifying the 
beds belonging to this formation within the various fault blocks into which the 
region is dissected. Chert also occurs occasionally in the Devonian and Carbon- 
iferous limestones of the Bisbee quadrangle, but as irregular bunches, never in 
the form of the thin, more or less anastomosing sheets peculiar to the Cambrian 
Abrigo limestone illustrated in PI. VI, B, 

The beds are commonly from 1 to 2 feet in thickness. Their dominant 
color as seen in large exposures is dark greenish-yellow, whereas the prevailing 
tint of the overh'ing Martin limestone is dark gray, and of the still higher Escabrosa 
and Naco limestones, white or light gray. 
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In the Cypical Mount Martin r^evtioa the Bobai qiartzite ja immediatelj oreriain 
by about 4*» feet of thin-bedded* very cherty liniesitoaes. which break up. on weath- 
ering, intu thin nu^^ piatet«^ Above thii^ oeenr a few bed;^ of gray limei^ti^ne ap to 
i feet in thivkne^st^^ alternating with ia^e yeUowi^ calcareoo^^ shales* and w^th 
laminated eberty bed^ :$aeh :k^ have just been desMrribed. The apper 1«n> feet of 
tile formatiun L> made up of rattier :9oft« sandy* thin-bedded gray limestone, with 
one fxfd of harder ^tny lime^^tone »$ feet in thirknetjt*^ aboat 4t> feet from the top* 
The upper limit of the Abrigo formation b detined in the MoonC Martin :9ectioii 
by a bed of pure white quartzite about ^ feet in tiiickne;k». 

This quartzite !:> a pen^ti^tent ^^tratimi and i» aiway?^ found immediately under- 
lying the Martin lime;>Cone* which carries I>evonian foigcHl& Ixb thiekner^ie*^. however. 
is variable and it ^^ometimes grades downward into die upper sandy limes^tones 
of the Abrigo formation. It apparently reeocd» the comRunmation of an inereas- 
ing supply of :$andy ;fedimeQfe» during the later phat*es of the depot^idon of the 
Abngo limestone and contrasts with the more purely caleareouj^ beds of the 
overlying Devonian formation. 

The large area of Abrigo limet^tone :<tretcfaing northwest from Abrigo 
Canyon exhibit> the ij^oeral litholc^tcal cfaarftL^r of the Mount Martin section. 
In Abrigo Canyon^ however^ the ^s^oft ^udy limestones below the white quartzits 
are repre^nted by calcareoutsi grits^ which are darker and harder tiian the cor- 
responding beds farther north, and these grits^ sometimes as«<^ociated with hard* 
dark>gray« dolomitic beds ^vntaiuiug abuttdaut quartz grains^ as just north of 
Don Lms^ continue to chara^^terufie the upper part of the Abrig«> limestone a» 
fiur as the formation can be traced to the sioutheast. They are rather hard* 
thin-bedded. :<andy limestones^ usually ^lark gi^v ^^ tint* and occasiumdly msty on 
weathered surfaces. They frequeatl> ?ib<>w cixvw lieddiug. particulariy iu^t north 
of Don Luis. 

Very tissiie^ greenish- Yelk>w, ^ulcaixsH^n ^ibaUvi, often showing to>*4I worm 
trails, and glistening with uiiuutv^ 'K'alv^i of uuch, hiv gi'tieraliy a vharacterisdc 
feature of the lower half of the Abrigo t'oviuaUvui w boiv lhi.x part is expose^i. ^uch 
beds usually form i^nooth top<>gi^i>hiv >»Ui|hvi uuvI w^^athcr to tragtueiics often 
superficially resembling those i-esultiug f\\uu Ou^ dij^iuUvgrntioa of the pre-Cambrian 
schists* 

Partial chemi<.ul analyses of tho u^uul iuiuuuv^uivaIuu Abrigo limestone and 
of the dolomidc phase near IVn Lui^k aiv ^ivv^u vuwlov 1 mni II oik \m^ 50. 

CondUions o/ dt</MMution. — 'iLbi^ Abi'ig\i UmvviUmc vwoivU iiuiva.xiu^ ^ib^deuceof 
the Bisbee region following the depoAiti^ui vU' vbo \yA^\k \|Uiirlitiio, iuid :i ^ hauge from 
comparatively coarse littoral sediuH>MtH to tbo u\v^lu^l^iiv»ll \»l' liuo valcaiw>u> muds 
in somewhat deeper water. That thv^ luvuU \'v»uiuiu\'U ubuuvluut >alicH iw^ N%eil aig* 
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calcium carbonate is shown by the characteristic chert}^ banding of the Abrigo 
limestone. The occurrence of shales containing minute mica scales indicates that 
the area of deposition was still within reach of current-borne detritus from some 
land mass and the water was probably of moderate depth only. 

Marine life makes its first appearance in this region in the Abrigo formation and 
is represented by trilobites, linguloid brachiopods, pteropods, and other early 
forms. 

As the accumulation of the beds proceeded, the sea appears to have become 
shallower, and the calcareous muds received an increasing proportion of detrital 
quartz grains. The deposits became, locally at least, more magnesian. Finalh^ 
this epoch of deposition was closed by the laying down of a bed of pure, white, 
quartz sand. 

Age and correlatkm, — The fossils collected from the Abrigo limestone were 
submitted to Dr. Charles D. Walcott, who kindly examined them and repoited 
that they are middle Cambrian, indicating a fauna closely resembling that of the 
middle Cambrian of Texas. 

It would be presumptuous to attempt in this paper a discussion of the general 
correlation of the Abrigo limestone with the Texan beds or with the Cambrian of the 
Colorado Canyon and of southeastern California. But it may be appropriately 
pointed out that this phase of Cambrian deposition was not recognized in the 
Globe district in central Arizona, where no limestones are known older than 
the Devonian. It is possible, however, that the upper portion of the Dripping 
Spring quartzite, the top member of the arenaceous Apache group, may be in the 
Globe district the stratigraphic equivalent of the Abrigo limestone in the Mule 
Mountains. 

DEVONIAN. 

MARTIN LIMESTONE. 

Name. — The Martin limestone is named from Mount Martin on Escabrosa 
Ridge, where the formation is typically developed and well exposed. 

Distribution^ thickness, and general stratigraphy, — In the Mount Martin section 
the Martin limestone has a thickness of 340 feet. The beds overlie the Abrigo 
limestone and underlie the Escabrosa limestone (Mississippian), both relations 
being those of apparent conformity. 

Other small areas of the Martin limestone are involved in the faulted structure 
of Escabrosa Ridge from the northwest corner of the quadrangle to Don Luis, and 
thence southeastward past Black Gap and Gold Hill to Glance. The formation is 
typically developed north of Moore Canyon, being exposed from top to base at 
several localities. It is also well exposed in the vicinity of Abrigo Canyon, but the 
stratigraphic relations are here complicated b\' overthrust faulting. 
619— No. 21- 
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intermediate zone 10 to 20 feet in thickness which contains no characteristic fossils, 
and which it is impossible to assign with confidence, on purely lithological grounds, 
either to the Martin or Escabrosa limestones. 

The beds of the Martin limestone are usuall}- less than 4 feet in thickness. They 
are thicker, on the whole, than those of the underlying Abrigo limestone, but thin- 
ner than those of the overlying Escabrosa limestone next to be described. 

Chemically, the typical dark limestone of the Martin formation is a fairly pure 
calcium carbonate, containing a little silica but practically no magnesia, as may be 
seen from the partial analysis under 111, p. 55. 

Condltwna of deposition, — The fairly pure calcareous material of the Martin 
beds, the absence of dolomite and of all but the finest terrigenous sediments, and the 
abundant remains of marine organisms, all indicate accumulation in an open sea at 
some distance from shore, and presumably in w^ater of modenite depth. In these 
respects the Martin limestone seems to represent conditions of deposition interme- 
diate between those under which the Abrigo limestone and the succeeding Escabrosa 
limestone were laid down. 

A(je and correlation, — Collections of fossils were made from the Martin lime- 
stone at several points within the Bisbee quadrangle and submitted to Prof. H. S. 
Williams, of Yale University, for identification. Mr. Williams has very kindly 
furnished the following note, which embodies all that need here be said concerning 
the age and paleontological affinities of this formation. The fauna is of the same 
general character but more abundant and varied than that already described from the 
Globe quadrangle, Arizona." A few of the most characteristic species, selected by 
Mr. Williams, are illastrated on PI. VIL 

Note ox the Devonian Fossils. 
By Henry S. Williams. 

The fossils from the Bisbee quadmngle, Arizona, submitted for examination by 
Mr. F. L. Ransome, were collected from several localities and are labeled as follows: 

Bi I to VI. Northeast gicie of P^cabrosa Ridge, \\ miles west of Bisbee. Various horizons in the 

Martin limestone. Collecte<i by Girty and Ransome. 
Bi VII. Limestone hill on western edge of quadrangle, just north of Moore Gulch. Various horizons 

in the Martin limestone. The 8tn)phomenas occur rather low down in the series, asso- 

ciateil with Air\j}m reticularis. Collected by Girty and Ransome. 
Bi 11a. Same locality as Bi VII. Collected by A. M. Rock. 
Bi lib. Same locality as Bi VII. Collected by A. M. Rock. 

Bi 12a. Same locality as Ei VII. Near base of Martin limestone. Collected by Ransome. 
Bi 12b. Same locality as alx)ve. About 100 feet stratigraphically above Bi 12a. Collecteil by 

Ransome. 
Bi 22d. Same locality as Bi I to Bi VI. About halfway between base and top of the Martin limestone. 

Collected bv Ransome. 



a Ransome, F. L., Geologr>' of the Globe copper district, Arizona: Prof. Paper U. S. Geol. Survey No. 12, 1903, pp. 40-42; 
note on Devonian fossils, by Prof. H. S. Williams. 
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Bi 22e. Sarae locality as above. A little higher in the section. Collected by Ransome. 

Bi 22f. Same locality as above, but a few feet higher in section. Collected by Ransome. 

Bi 42. Western edge of quadrangle, 2.4 miles due south of Brown's ranch. Collected by Ransome. 

Bi 44. Same locality as 42. Collected by Ransome. 

Bi 45. Same general locality as 42. Colleiied by Ransome. 

Bi 46. Abrigo Canyon, 2} miles WSW. from Bisbee. Collected by Ransome. 

Bi 52. Bed of Abrigo Arroyo, 3 miles WSW. from Bisbee. Collected by Ransome. 

Bi 53. West 8loi)e of isolated limeHtone hill near head of Abrigo Canyon, 3} miles N. 33® £. from Naco 

Juni*tion. Collected by Ransome. 
Bi 58. North side of Abrigo Canyon, 2.7 miles X. 25® E. from Naco Junction. Collected by Ransome. 
Bi 67. Three miles northeast of Na(*o Junction. Pink shales forming subordinate part of the Martin 

formation. Collecte<i by Ransome. 
Bi 84. Prospect pit in saddle on Rscabrosa Ridge, 1 } miles WSW. from Bisbee. In soft sandy phase. 

Collected by Ransome. 
Bi 98. Three-quarters of a mile north of Don Luis. In pinkish shaly phase of the Martin formation. 

Collected by Ransome. 
Bi 102a. Same locality as Bi VII. Collected by J. M. Clements. 
Bi 102b. Same locality as Bi VII. Higher bed. Collected by J. M. Clements. 
Bi 102c. Same locality as 102b. Higher bed. Collected by J. M. Clements. 

Bi 125a. Southwest front of ridge l)etween Black (»ap and Gold Hill. Collected by J. M. Clements. 
Bi 125b. Same locality as above. Collected by J. M. Clements. 
Bi 128. South slope of Gold Hill. Collected by J. M. Clements. 

The following 8pei.*ies have l>een identified in the foregoing collections, viz: 



1. Acervularia davidsoni (Ed. & H.). 

2. Pachyphyllum woodmani (White). 

3. Cladopora prolifitra (Hall & Whitfield). 

4. Stromatopora erratica (Hall). 

5. Cyathophyllum cajspitosum (Goldfuss). 

6. Atrypa reticularis (Linn.). 

7. Cyrtia cyrtiniformis (Hall & Whitfield). 

8. Dielasma calvini (Hall & Whitfield). 

9. Schizophoriastriatula (Schlotheim). 
10. Productella specioea Hall. 



11. Delthyrisconsobrina (d*Orbigny). 

12. 8p. cf. jeremejevi (Tschemyschew). 

13. Sp. hungeHordi Hall. 

14. Sp. orestes Hall A Whitfield. 

15. Sp. cf. euryteines (small specimen). 

16. Sp. whitneyi Hall. 

17. Stropheodonta demissa (ConradK 

18. Str. (fragilis) i^erplana (Hall). 

19. Strophonella wlata Hall. 



The following species are too imperfect for H|HM'itic determination, viz: 

25. 1/OXoneiiia. 
28. Platyci^nw. 
27. PlHirotoniiirift. 
28. 
29. 



20. Coral, several species. 

21. Crinoidstem. 

22. Bryozoa. 

23. ? Terebratula (small.) 

24. ? Minute brachiopod. 

The distribution of the various species among th(» dlfforont localities at which 
collections were made in the Bisbee quadrangle is shown in the following table: 
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Table snowing distribution of Devonian species in the Bisbee quadrangle — Continued. 
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The species Afn/jMi r^ticuhiri^ \> present in :f5 of the 3<> faunules. Some one 
or more of the corals are found in 11 of the faunules. The faunules marked llK 
12b, 4*>, *>S, Vlh^ and VII contain several species of the reef-building corals and 
prol>ably represent a conmion fauna. 

Associated with these corals are the following species, riz: 

1. Atryna rvtirnlarbs. 

2. Cyrtia cyrtiniiunuis. 
o. Si-hi2«»i«horia jstriatiila. 
4- EVlhyri:? o»n5«»)irina. 
•V Sp. huuetrfonli. 

H. Sp. i»rest«i. 

7. Sp. wliitnt-yi- 

S. Siniphei>iit»nta f^a^ili^ {•fqtlaiuL 

9. StTophonella itt-lata. 

Thes^e species imiicate distinctly the fauna so well developed in the Devonian 
nx'ks at Rockfonl, Iowa. On the supposition that Spirif^^r A>it44j^rf*'r»h' SLnd Sj^rirW 
frhitit^yl are characteristic species of that fauna, the following species, associated 
with them in the Bisbee quadrangle, are now added to it, i. e.. In, Di^h^uoi oil- 
*•//#/; 11, Pfdm-Ulhi x^vW'«?j; 12* Sp*rifer cf. j*'r*tnr}^r!. These twelve species, 
at least, are therefon: probably present in a ooimuon fauna of thi> Arizona region, 
which is also represented in Iowa, and is certainh* of Devonian age. 

Its i*omparison with New York and Northern Ap{)alachian faunas indicates close 
affiniti* with a fauna occurring at the base of the Chemung formation of New York, 
above the t\7>ii*al Ithai*a formation. In the High Point zone of Naples, Livingston 
County, N. Y., the spei-ies of the genus Stn»ph"UtU<i reported is .!^. r^*>7^?. The 
fonn reported in the above list is .V. r^f^itiU which oivurs in the Stn^phtimlttntii 
-^ayutn fauna of the southern counties of New York and across the liorder in Tioga 
and Bradford counties. Pa., but not, so far as I have observed, in the High 
Point fauna. In this southern extension it is associated with typical Sp!r!tW 
di»JNn4^m. The Pn>dH<^<1U% of the Arizona region is also of the same tvpe as that 
represented in this upper ^CTiemungl zone rather than in the underlying typical 
Ithaca zone of /V«/*#<'/<7/*i jr/<ir/'«'i. The evidence is therefore contirmatorr of the 
opinion that this western American fauna did not reach the upper Appalachian 
region, in its full comidement* until after the deposition of the zone of the Ithaca 
formation. 

It is to be ob^^rved, however, that in Russia, the fauna with which this Arizona 
fauna shows closest aflSnity is classed by Tschernyschew' as middle Devonian 
rather than upper Devonian and occurs below the ^W«"«V/<^ fauna. It is also 
regarded by him as equivalent to the Strhto^mvphai^t* fauna, which in western 
Europe is strictly Mesodevonic. This is further ct^rn^lated by Tsi-hemyschew 
(p. 192) with the Hamilton gix^»up of North America. 

The species occurring in "zone D :* ^b,** at Kirchdorfe Sserpeewka in the 
lower bituminous limestone (bl) and in the overlying shaly limestone (b:2) are as 
follows: In bl, I^^Hr>4*mMrM ifu^nUr^ri n, sp., /Yii/yKt'A ♦>//«*? »/f7f/<'w<f#> Keyserling. 



'ntelerm und oberen DeroB an WeM-abbaai^fr dcs r»K Mtia. du C<i«n2i^ ti^oL, vxiL S» las;. 




PLATE Vn. 
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PLATE VII. 

DETOMAV TOSiSTLS^ CHARACTERI.STIC OF THE 3iARTIN LIMESTONE IN THE BI8BEE 

QUADRANGLE. 

Atrypa retictlabib. 
Fi«.. 1. Dorml view. 
\'t. Side view. 
2. Ventral view of Imrger specimen. 

SpIRIFKS nrXGERFOBDI. « 

Fui. 3. Ventral view. 
'\n. Side view. 
4. I>rtr«l view of larger specimen. 

SkrHIZOPHOBIA 8TRIATTLA. 

Fkj. V I>r»rHal view. 
•Vi. Fnmt view. 
.V». Ventral view. 

PACHVPnYLLrM WOODMANI. 

Fi(». H. ConijMisite (*<>rallam showing several corallites. natural eiie. From locality Bi 11a (>Iartin 
lifntvtone, north of Moore (iulohV 

ArEKVrL.\RIA DAVID60NI. 

Fio. 7. Colony nhowin); wall se]iarating individual (\>rallite(*, natural size. From locality Bi 125a 
(rid>r*» l>etwwn HIai'k Uapand (told Hill). 

CLaIKH'ORA prolifica. 

Fm. S. Hraniliiiitf mndhnn, natural nizt*. Froui locality Bi 125a (ridKe between Black Gap and 
iiold Hill). 
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Phanerotinxis serpulo, De Kon., Acfinopteria hoydi Conrad, CyprtcardinialwiielloHa 
Sandb., Aviculopecten tjcactua Hall, Mytilarca cf. dimidlata Goldfuss, Dtelasma 
sacctdus Mart., Athyris helmerseni Buch, AthyrU eoncentrica Buch, Splrifer di^gana 
Stein, Sptrifer anossoji. Vern., Reticularia xirii Flera., Reticulnria llneata Mart., 
RhynchoiieUa livo^nica Buch, Rhyiwhonella acunrtnata Mart., Atrypn reticularis 
Linn., Atrypa denqxiaiiiata Sow., Atrypa anpera^ Schloth., Grunewaldtia latiUnguis 
Schnur, Pentamerus galeatus Dalm, Schizophorla ^<//vW?/ A/ Schloth., Orthlnhistrtata 
n. 8p., Strophoiikena Inter sir hi i^ Phill., Streptt/rhynchus umhraculum Schloth., Pro- 
duettos hall<inus Walcott, Favosltes cerviconns Blainv., CyatJvDphylhuu aespHoauin 
Goldfuss. 

(From b2) Dielasma sacculm Mart., Athyris eoncentrica Buch, Spirifer a?ioS' 
soji Yern. (in great abundance), Spirifer jeremejevi n. sp. (in exti'aoixlinar^'^ abun- 
dance), Atrypa d^faquaniata Sow., Atrypa, c«/>6^/*a Schloth. , Ih*<}ductus suba/juleatua 
Murch., and a number of corals (p. 161). 

There can be little doubt as to the close affinity of the Arizona and Russian 
faunas here referred to. Comparison of Spiriftr hungerfordi^ as it occurs both in 
Iowa and Arizona, with Russian specimens of Spirifer anossoji^ demonstrates the two 
to be closel}' related, as Tschernyschew maintained; but the rounded cardinal angle 
as well as coarser radiating striro mark the figures of S. anossof of Tschernyschew 
(as well as actual specimens seen by me), from the Sp. hungerfordi as it is seen both 
in Iowa and Arizona. There are figures in the original description of d'Verneuil,'' 
which have the angular terminations of the cardinal area. Also some 3"oung speci- 
mens from Iowa in m)'^ collection show distinctly rounded cardinal angles. 

Associated with that species are Prodiictus hallanua and rhynchonellas of the 
Pugnax type {R. acuminata)^ which distinctly belong to this fauna as developed in 
America. 

As I have reported in other places, this Pugnax pugnus fauna occurs in the New 
York section, both in Ithaca and High Point zones, which are both above the repre- 
sentative of the Cuboides zone (Tully limestone) of that region, and before the 
appearance there of the t^'pical Spiri/irr disjunctus fauna. But in New York the 
species which dominates in the Iowa, Arizona, and Russian faunas {Sjnrifer hungerfardi 
and Spirifer anmsoji) is entirely absent, or certainly ver}- rare even if eventually it 
should be discovered. From this and other similar peculiarities presented by the 
New York faunas, I am inclined to think that the horizon at which the Pugnax fauna 
enters the New York sections is later chronologically than that of the formations 
holding the fauna in Russia, and possibly also appreciably later than the zone marked 
by it in Iowa and Arizona. 

Although Spirifer whltmyi presents many characters of the general Spirifer 
di^junctujt type, its range in the Russian and also in the west European Devonian 
confinns this same view. The Arizona fauna does not present any very close 
affinit)' with the distinctly Chemung {Spirifer disjunct u^) fauna of New York. 

This earlier age for the Spirifer hungerfordi fauna is also indicated b)' the 
development of Productus, All the representatives of that genus reported from 
Arizona, and from the same fauna as expressed in Iowa, indicate an earlier stage of 

nRuswia and thu Uml MountalQH. Geology, vol. 2. p. 153, pi. iv, tig. 32 and f. 
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its development than that exhibited b}- the productellas of the Chemunjr formation 
of New York. 

From the.se and other considerations it seems reasonable to adopt Tscherny- 
schew's view that the zone in Kassia containing the nnosMyfi fauna is the equivalent 
of the SfrintjtK'tphalKx zone of western Europe as well as of the Hamilton formation 
of North America; and therefore that the fauna is properly a Mesodevonian rather 
than Neodevonian fauna. On these {^rounds we should place the formution bearing 
this fauna in Arizona in the Mesodevonian, although its representatives do not 
appear in the New York fauna until the oi>ening of Neodevonian time. 

CARBONIFEROUS. 

Ef4(\\BR(»)4A LIMI-Xn)NE. 

Xame. — The Escabrosa limestone takes its name from Esca1>rosa Kidge* where 
the thick white l>eds l>elonging to this formation are conspicuously displayed. 

Dhtrlhuilon^ tliickni-Hm^ and (jeneral sfratlfjraphy, — The distri])ution of the Esca- 
brosa limestone is practically that of the Martin limestone which underlies it. But 
its lighter hue, thicker beds, and greater power of resisting erosion make it a much 
more marked feature in the landscape than any of the limestones 3'et described. 
The summit of Mount Martin, the prominent light-colored scarps visible from Bisl)ee 
along the northeast side of Escabrosa Ridge, and the )>o\A cliffs (PI. VIII) which the 
same ridge presents toward Espinal Plain and Naco on the south are due to this 
formation. 

The most northern occurrence of the Escabrosa limestone is a small area 5 miles 
west-northwest of Bisbee on the edge of the quadrangle, resting with apparent 
conformity and gentle westerly dip upon the Martin formation. Other areas north 
of Moore Canyon extend the distribution of the V)eds in a series of fault blocks 
westward beyond the lK)unds of the quadrangle to the edge of the San Pedro 
Valley. Between Moore and Abrigo canyons the Escabrosa limestone has Iwen 
removed by erosion. Nearly the whole thickness of the formation, however, is . 
preserved on Mount Martin, and several faulted blocks of these beds occur to the 
southwest and south of this peak within a nidius of 2^ miles. 

The Escabrosa limestone is also exposed in Hendricks Gulch, just southwest 
of Bisbee, and, like the Martin limestone, extends in a curved belt, broken by 
many faults, southeastward past Gold Hill as far as Glance Creek. 

The formation appeal's in most places to lie conformably above the Martin 
limestone, but the contact is not always well exposed and has in some cases been 
modified by faulting. This faulting, chiefly along planes forming small angles 
w^ith the bedding, is a particularly noticeable feature in the structure near Abrigo 
Canyon and will be fully described in later pages. The upper part of the Esca- 
brosa passes without any stratigraphical break or marked lithological change (PI. 
IX, A) into the overlying Naco limestone. The distinction ]>etween these two 
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A. CLIFF OF ESCABROSA LIMESTONE NORTHWEST OF DON LUIS. 

Structure is complicated by faulting. Some Naco limestone occurs on crest of ridge in background. Martin and Abngo limestones underlie 

slopes in foreground. 




B. NACO HILLS FROM CREST OF ESCABROSA RIDGE. 

In the foreground are hills near the mouth of Escacado Canyon, composed of faulted masses of Pinal schists and the various Paleozoic fomns- 
tions. In the distance, below the Naco Hills, to the west and southwest, is San Pedro Valley, stretching southward into Mexico. On 
the left appears an outlying spur of the San Jose Mountains, beyond which on a clear day may be seen the town of Cananea. 
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formations was based primaril}' upon paleontological evidence, and they have 
accordingly been mapped in different colors but with no definite dividing line, 
except in the case of faults.'' There are indeed certain lithological differences 
between the Escabrosa limestone and the Naco limestone, as will be pointed out 
when the latter is described, but it is only after an intimate knowledge of the l>eds is 
gained that these lithological criteria can be utilized as a basis of separation. They 
would hardly in themselves have suggested the two-fold division of the Carbon- 
iferous limestones here adopted. 

The thickness of the Escabrosa limestone in the Bisbee quadrangle can not 
be determined with the same accuracy as in the case of the Devonian and Cam- 
brian limestones. Although the overlying Naco limestone has been eroded from 
the summit of Mount Martin, there is good reason to conclude that the Escabrosa 
limestone is still present in this section in very nearly its original thickness, which 
measurements and calculation give as approximatelv 800 feet. Another section 
just west of Black Gap, where apparently the whole of the Escabrosa limestone 
is represented in conformable sequence between the Martin and Naco limestones, 
affords a thickness of a little more than 600 feet. A third section was measured 
IJ miles south of Bisbee, near the Whitetail mine, and intennediate in position 
between the two already referred to. This afforded a minimum thickness of 775 
feet. It thus appears that the Escabrosa limestone has a maximum thickness of 
about 800 feet, and that it probably thins out toward the southeast to about 
600 feet. For general pui-poses 700 feet will be taken as the average thickness 
of the formation. 

Lithology, — The chamcteristic rocks of the Escabrosa formation are rather 
thick-bedded, nearly white to dark-gray, granular limestones, which close exam- 
ination often shows to be made up very largely of fragments of crinoid stems. 
Near the base the beds are commonly 10 or 15 feet in thickness, but above the 
first hundred feet thicknesses from 1 to ^ feet are the rule, with occasional 
occurrences of more massive strata. The formation, as a whole, may be charac- 
terized as a pure nonmagnesian limestone (see chemical analysis, under IV, p. 55), 
containing practically no arenaceous sediments and only occasional, irregular 
bunches and nodules of chert — usually in its upper part. 

Fossils occur distributed from the bottom to the top of the formation, but, 
with the exception of small scattered corals and the abundant fragments of 
crinoid stems, are rarely conspicuous and seldom appear on weathered surfaces 
of the limestone. As a rule they nuist be carefulh' sought for with a liberal 
use of the hammer. The general appearance of the Escabrosa formation is 
white or light gray, but some dark-gra\' beds occur, particularly near the top. 

a Through an oversight, PI. I waa printed without erasure of a temporary boundar>- line between these formations. 
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CandUions of deposition. — The absence of terrigenous sediments and dolo- 
mitio bedM from the Eacabrosa limestone indicates deposition in an open sea and 
in deeper water than had hitherto covered this region. But so many factors in 
tho case — vuch an the distance and elevation of the nearest land from which 
detrital material might have been derived — are unknown that it is not possible 
to give even the approximate depth of this portion of the sea at that time. 
The EscabroMi limestone, however, is probably to be classed as a deep-sea deposit 
and may have licen formed near the 100-fathom zone and 30 or 40 miles from 
shore.** 

Aye and mtreUUam. — The Elscabrosa limestone is of Mississippian or lower 
Carboniferous age. The paloontological evidence upon which this determination 
is based is presented by Mr. Oirty in his note on the Carboniferous fossils. As 
this note is (concerned with the Naco as well aa with the E^scabrosa limestone, its 
consideration is doferrcnl until lK)th of the formations comprising the local 
Carboniferous se^aion stiall have )>een described. 

NAC<) LIMBirrONB. 

Naiiu\—'X\\\s name N<u^t Umt'HtoiM' is derived from the Naco Hills, situated 
near tho western mlge of tho (|uudninglo, and composed of the light-colored and 
iTgularly Htnititied liedM belonging to this formation. 

PlHtrihuthm^ thlrknemi^ timf g*n4'rnl Htr(iti(jniphy. — The Naco Hills (PI. VUI, B)^ 
surrounded on thn*o Hides by tin; QuaU^Tnury wash of Espinal Plain and San Pedro 
Vulloy and cut off from the oldi^r Pai(*ozoi(^ rocks on the north by the Abrigo 
fault (PI. I), are cnrvcd from the Na^'^> limi'stono and their steep southwest slopes 
afford (^xceptional opi>ortunity for studying the lithological character of this 
formation. Th(^ hnnidcr htratigni|ihi(* relations of the beds are, however, not 
revealed in this rolutively largi*. but is^ilaU'd rxp4)sure, where the only visible 
relation with the other Pul(*o/.oie. nn'ks is that of faulting. 

Between the Naeo IIIIIh iind Hiftliee are sevend smaller blocks of the Naco 
limestone involved in the intrif^utit web of faults that characterizes the structure 
of this portion of the (|ua4lraiigl(s iNirlieularly in the vicinity of Escacado Canyon. 

The largest area of Nueo limi^htoiie wilhin the ijUHdrangUs and by far the most 
imix)rtant from an (U'onomie. Htund|>oint, in thai wliieli stretches sinitheastward from 
Bisbee to (irold (hdeh, and is theme rontiniied by a series of smaller exposures 
extending past (Hancc to within a mih* mid a liiilf of the Mexican )>oundary. The 
main area, between BislxM) and (iold (iuleh, isirtly roveretl by the Cretai^eous Glance 
conglomerate, constitutes tin* inner Pal(*o/oir meinbi'r of tlu^ faulttnl syndine which 
has l)een referred to several times, iind whirh will be shown to have a very 
impoi*tant connection with the great eopper de|Hihits of the district. Although 
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A. ESCABROSA LIMESTONE CONFORMABLY OVERLAIN BY NACO LIMESTONE. 1 MILE NORTH OF DON LUIS. 
The hill on the left is formed of Escabrosa limestone. The base of the Naco limestone outcroos about halfway up the slope on the right. 




B. HILLS CARVED FROM CRETACEOUS BEDS EAST OF BISBEE. 

View is northward across Mule Gulch The pronninent white band is the upper member of the Mural limestone, forming the top of Mural 
Hill on the left and showing the dislocation due to the Mexican Canyon fault. 
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much disturbed by faulting, the beds generally conform to the dominant synclinal 
structure, dipping southeasterly near Bisbee and then swinging around in a rather 
sharp curve until they dip to the northeast near Black Gap. The mass forming 
the summit of Gold Hill and the other areas to the southeast owe their posi- 
tions to faults which have thrust them bodily over Cretaceous beds, as will be 
described in the section on geological structure. 

The Naco limestone conformabh^ overlies the Escabrosa limestone, as ma}' be 
well seen at several points along Escabrosa Ridge, southeast of Mount Martin, 
and particularly in the excellent exposures (PI. IX, A) a mile due north of Don 
Luis, where the rather thin beds immediately above and })elow the plane of divi- 
sion are continuously exposed for nearly a mile along a steep slope. The upper 
limit of the Naco formation is a I'ather irregular surface of erosion, upon which 
the basal conglomerate of the Cretaceous Bisbee group was deposited. The 
original thickness of the formation is thus unknown, but it undoubtedly greatly 
exceeds that of any other member of the local Paleozoic section. Measured sec- 
tions in the Naco Hills show that the formation, as there exposed, has a present 
thickness of at least 1,500 and probably of a^ much as 2,000 feet, plus an unknown 
thickness removed by erosion and an unexposed portion concealed by Quaternary 
deposits. Unless there are important faults which have escaped the careful 
examination given to the synclinal area of Naco limestone just south of Bisbee, 
3,000 feet is a very moderate estimate for the thickness of the Naco beds involved 
in this structure. It is probably fairly safe to conclude that the original thickness 
of the Naco limestone was more than 3,000 feet. 

Lithologt/.— The Naco limestone, like the Escabrosa formation, is made up 
chiefly of light-colored beds, which consist essentiallj- of (»lcium carbonate. The 
beds range in thickness from a few inches to 10 feet, but are usually' thinner 
than those of the Escabrosa limestone. They differ from the latter also in texture, 
the tj'pical Naco limestone being compact and nearly aphanitic, ringing under the 
hammer, and breaking with a splintery fracture, whereas the Escabrosa limestone 
is usually more granular and crystalline, and crumbles more readily when struck. 
There are, however, exceptions to this rule, dense aphanitic beds occurring rarel}^ 
in the Escabrosa formation and granular crinoidal beds being not uncommon in 
the Naco limestone. 

Fossils, particularly brachiopods, are much more abundant in the Naco than in 
the Escabrosa limestone, sometimes making up a considerable part of individual 
beds, and weathering out conspicuously upon exposed surfaces. 

While the greater part of the 3,0(K) feet or more of the Naco formation is 
made up of fairly pure gray limestone (see chemical anabasis under V, p. 55), 
certain thin beds of a faint-pink tint occur at several horizons, and are often a 
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useful nvunH of dMrin^iinhin^ the Naco from the Elscahrosa limestone. These 
pink hi^M. whkh weatherinj^ a.saallj .'^how^ to have an inherent lamellar or >haly 
-fnw-tur^. are vp'.tj tine ^^rained ami compact in texture. They efferve?*ce freely 
with coH flilnfe acid and are evidently composed chiefly of calcium carbonate. 
Kxamtnafion of natnral ^iirfa^'en with a lens, however, shows the presence of minute 
r|uartz jfrainrt and riny flaken of mica. Typical exposures of these pink calcareous 
^haleM may Pie ^-een on t/>p of Queen Hill, alon^ the trail connecting the Lowell 
mine with the No. 2 -thaft. of the Lake Superior and Pittsburg mine, and in the 
Na/'O Hill.'* a mile northeaHt of Naco Junction. 

(.'hert i-* n^it iincr^mmon in the Naco formation: it occurs sometimes as 
irrejfniar bunriie^ and norlule« in ^leds of otherwise pure limestone and some- 
times as the re.HijIf. of siliciiication of thin fossiliferous beds throughout their 
thicknei^, ft is at^> pcirti/miarly abundant along and near zones of tissuring and 
faulting. 

(J^m/lifMFnA of fl^/pfp^tft/m. -As litt^'iral sediments are entirely lacking and terrig- 
en/rtjs materials rej>resented only by the verj' minute mica scales and quartz grains 
in the pink caU-areous shale, it may fairly J)e concluded that the Naco limestone, 
which is not n/>ti«!ably dolomitic, was deposited in moderatel}' deep water at some 
distance? from the shore whence, the tin^' mica scales were derived. The water, 
however, wa?< pro^iafily not quite ^o deep as that in which the Esc*abrosa limestone 
was laid down. The region of deposition was in the main beyond the *^mud line,'' 
which the results of the (Jhdhmfjffr expedition showed to lie generally at a depth 
of HH> fathoms. Ihiring certain stages of the accumulations of the limestones, 
offshore vwvnrtxU ^-arrie/l sr>me of the finest of the land waste into this area of 
tranquil dejK^ition awl left n5<!ords of thenc occasional incursions in the form of 
jnnk shales. 

Aiji' ariil t'*rrrf'lat'um. \\\^yi the frmsi Is obtained from the Escabrosa and Naco 
limestones were submitted ti) Dr. (leorge II. (iirty, who very kindly furnished the 
following note concerning them. The Mississippian fauna to which he refers is 
from the I*>K;abrosa limestone. The two Pcimsylvanian faunas are from the Naco 
limestone. 

Nc/r« 0?f THK CAKfk)!firKIW>UM FrwUlLH. 
\\y (fK'lROK II. OiKTY. 

The Carboniferous collections from the Bislme quadrangle show three well- 
marked faunas. One of thes<3 is of Mississippian age, the two others of Pennsylva- 
nian The Mississippian faiuia is the same which is found widely distributed in the 
West and has generally be^5ii recogiii/-ed as that which characterizes the Waverly 
group of Ohio. It prolmbly represents the earlier half of Mississippian time, 
inclulling the Kinderhook and Osage divisions. Ihe following are some of the 
characteristic species: 



PLATE X. 



47 



PLATE X. 

MTSSTfWnPrTAX ('•|X>WEK CARBOMFEROUs") FOPRTI> rHARACTERIflTTr OF THE EJCABROBA 

LrMESTOXK. 

Kftiptijomkm.a thtemet. 

Vu,. \. ventral valve, with Mc vk*w ami outline. 
'2. Vi'Titnil valve «if a «lifferent shayie. 

l/K'-.lity: Bi^'l>ee .jua<1ranirl«'. Wn* <*hararteriptir nf the E*«rabro«i limeiitone. 

Lkpt.kva R^TOMBor^>AM^4. 

VU' ;i. Ventral valvt\ with fi'le vi»*w and tuitline. 

l.rK'ality: f'nyahoara shale, Bairdad, Ohin. No speciefi at all like thi** it* known from the 
P«'nfi?<ylvMnian. 

C'H0VETE« r.'XlAVEXSIS. 

Ki'i. 4. V«'Tifr:il \alv<'. 

I/wnlity: I/^jmn Canyon, Wawitrh Hanjre. Ttah. Frr»ni T'. S. ifeol. Fxplor. 40th Par., 
^■^■\. I. ri IV. fij?. \i. Thi«« yperii»« is alw very chftrarterif»tic of the Ejacahmm lime«itone. 

SpIRTFER r-EVTRONATT'M. 

Vn.. *». VMiitrjil \'ifw. 
't. I>or-:«l vi«'\v 
7. Si'l»' vi«-\v. 

l/.rjility: Motnitnin Sprinj^. oUI >formon r^iad, Nevarla. From W S^. (yp<\e. Snrv. W. 100th 
M'T . vol I. I'] V. fiir«. Sa. Sl>, an<l Sr. Tin? «[»erif>H is common in the EwabroMi lime- 
afnni' KoniH ■flniilMr tr. it. Imwcvcr. an* al«o f(»nn«l in the Penn*»ylvanian. 

Ki<;. *<. Ventral vjilv. 

T/H-nlity MMimtHin SprlriL'. ''M M'»nn'.n n.jirl, \'»>v»»1r From I'. S. (;«»f»rr. Snrv*. W. 100th 
M'T.. vmI. I. n V. lii? 7;i 'ri)i« v|»<Mii.u lu i<,,„ui ,,„iy ip t^,^ K-r-abroxa limentone, hat 

nol It) tli»' VlK'O llllH'*'tMTMV 

SVIMN*<i"TIIV»TtN r \fm*Hf. 
FtO. \K rnytlTMir VH'W 

HK Ar)tiTi'«r vi'*\\ 

f,orj,litv Whiti- Piiu' MnnntMirH. Tr^nMnn- Hill. V-vadn From V. S. Gool. Kxplor. 40ih 
V'AT., vnl. ». IM. Ill, Ml"* 11, 1''' 
1 1. r»or-»aI vjilv*' 

LoraHty: Ycllnw^tnn*. Natlf.nnl Turk From Mm. f S dt^A. Hnrvey. vol. .S2. pt. 2, 
PI. fA'Xr. fitf I''. Nothintf n-eTfiMintf tl.i- mimmIoi* i« foumi in the PennHylvanian. 
Nf.te the iinplicatr'l fr.M and plnnn. 
4S 
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Athyris lamellosa. 
Fio. 12. Dorsal view. 

13. Side view in outline. 

Locality: Lake Valley, New Mexico. No form like this found in the Pennsylvanian. 

Sem INULA sp. 

Fio. 14. Dorsal view, natural size in outline. Enlargement of 2 diameters. 

Locality: Bisbee quadrangle. The genus Seminuin is rare in the Escabrosa limestone at 
Bisbee. Specimens are mostly of small size, but are not readily distinguished from 
those occurring in the Naco limestone. 

EUMETRIA MARCYI. 

Fio. 15. Dorsal view, natural size in outline. Enlarged 3 diameters. 

Locality: Bisbee quadrangle. No sp)ecies quite like this occurs in the Pennsylvanian; 
the Pennsylvanian representatives liave far fewer ribs. 

16. Ventral view. 

17. Dorsal view. 

Locality: Little Belt Mountains, near Clendenin, Mont. From Mon. U. S. Greol. Survey, 
vol. 8, PI. VII, figs. 5, 5a. This is probably the same species as fig. 15, but the speci- 
mens are much larger and of more nearly mature size. 

MyALINA KEOKUK. 

Fio. 18. Left valve. 

Locality: Bisbee quadrangle. The genus is better represented in the Pennsylvanian 
(though apparently not at Bisbee), but the same species does not occur in the 
higher beds. 

Phanerotixts paradoxus. 
Fig. 19. Seen from above. 

Locality: Bisbee quadrangle. Nothing at all like this known from the Pennsylvanian. 

StRAPAROLLUS Ll'XUS. 

Fio. 20. Side view. 

21. Seen from above. 

Locality: Dr>' Canyon, Oquirrh Mountains, I'tah. From I". S. Geol. Explor. 40th Par., 
vol. 4, PI. IV, figs. 24 an<i 25. This is a small sj)ecimen. The genus occurs in the 
Pennsylvanian, but not the same s|>ecies. 

PniLLIFSIA PEKOCVIDEXS. 

Fio. 22. Tail. 

Locality: Ogden Canyon, Wasatch Range. Ttah. Frr)m 17. S. Geol. Explor. 40th Par., 
vol. 4, PI. IV, fig. 21. This genus also i.s fr>un<l in the Pennsylvanian, ))nt the si)ecieH 
are different. P. jieroccidem is rather charactei l)<tic of the Escabrosa limestone. 
519— No. 21-04 4 
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Menophyllum excavatum. 
Syringopora aculeata. 
Rhipidomella thiemei. 
Rhipidomella rnichelini. 
Leptfiena rhomboidalis. 
Orthothetes ine(|iiali8. 
Choneteg loganensii*. 
Prrxltk'tua Ijevicoetus. 
Prrxluctus peiiiireticulatus var. 
Spirifer centronatus. 
Spirifer mystic-enws. 



Spirifer cf. peculiaris. 
Reticularia peeudolineata? 
Syringothyris carteri. 
Athyris lamelk«a. 
Eumetria marcyi. 
Entolium aviculatani. 
Myalina keokuk. 
Phanerotinus ]>aradoxu8. 
StraparolluH Iuxuh. 
Platyceras sp. 
Phillipflia jierocindens. 



Associated with some of the species in the above list were found others which 
probably indicate a slightly higher horizon than the Osage; in other words, l)asal 
Genevieve. There are such forms as Litho%trotUm sp., Me^kopf/nt sp., Archimtdes 
sp., PnfdnHuH qI, hlnerlaUiA^ and Spirifer ol. tenui^triattu^. On the other hand, no 
fossils of a well-marked Chester type have been found, so that so far as the evidence 
at hand is concerned the upper Mississippian is missing. It is also true that many 
of the striking Osage forms have not been found, e. g., Schiztypluyrta mjoalhnci^ 
Df-rhya l'eolul\ Spirifer grimesi^ Spirifer hjgani^ etc., nor the wealth of crinoids 
which chanwterize this horizon in certain areas in the Mississippi Valley. I am 
disposed to regard the absence of these Osage forms as due to local conditions, but 
also to believe that upper Mississippian time is realh' in large part unrepresented. 

The earlier of the Pennsylvanian faunas is largely composed of species which 
cliai-acterize the *' Upper Carboniferous" faunas of the Mississippi Valley^. Some of 
the common species are the following: 



Fii>»ulina cylindrica. 
Chfptetes raciians. 
I)er])ya (?ra«Ha. 
PrcKluctufl semireticulatUH. 
pHMlnctofl cora. 
PnMluctufl inflatufl?. 
PnHluctUH n(»]»ra«kensi8. 
PrtKliictiiH puiK'tatwi. 
Marginifem wabashem*iH. 



Spirifer rockymontanus. 
Spirifer cameratuH. 
Squamularia perplexa. 
Spiriferina kentiickyensis. 
Seminula subtilita. 
Hu8te<lia momioni. 
Diela^ma bovidenn. 
Phillipeia major. 



Some of the local faunas have a facies which I l>elieve to indicate very early 
Pennsylvanian time. 

The upper Pennsylvanian fauna comprises many species which are as yet 
undescribed, and its general character only can l>e indicated. The following forms 
have been discriminated: 



Fitfiilina cylindrica. 
Mi<'bt'linia? pp. 
I>»ph<»phyllum cf. proliferum. 
Archeoddarin, w»veral np. 
PriMhu'tiw, HemireticulatiiB type. 
l*r«Hluctii8 cf. norwocxli. 
Margiiiifera cf. waljanhensis. 
Martinia pp. 
Seminula subtilita. 
Dentalium cf . canna. 



Worthenia sp. 
Murchi^ioiiia ? several sp. 
Euomphahis sp. 
Omphalotrochu>«, neveral sp. 
Cycl<^nema sp. 
Orthonema sp. 
Polyphemopeis sp. 
Belleriphon cf. crassus. 
Euphemus sp. 
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PLATE XI. 

PENN8TLVANIAN (" UPPER CARBONIFEROUS") FOSSILS CHARACTERISTIC OF THE NAOO 

LIMESTONE. 

FrSULlSA CYUNDRICA. 

Fio. 1. A block of limestone containing a number of specimens partly weathered. Enlansed two 
times. 
Locality: Bisbee quadrangle. These forms sometimes occur in great abundance in the 
Naco limestone, but are not known in the Mississippian. 

Ch.£tetbs millepokaceus. 

Fio. 2. A fragment of a coral belonging to this species. Locality: ViTgih Range, southwest of St. 
George, Utah. From U. 8. Geog. Surv. W. 100th Mer., vol. 4. PI. VI, fig. 2a. This form 
is somewhat abundant in the Naco limestone, but nothing similar to it is found in the 
Escabroea limestone. 

Derbya crassa. 
Fig. 3. Ventral valve. 

Locality: Bisbee quadrangle. The specimen is weathered, so that the vertical plate on 
the inside of this valve is shown. This form is often abundant in the Naco lime- 
stone, but does not occur at all in the Mississippian. A fonii resembling it very 
closely is found in the Escabrosa limestone, but it is without the vertical plate, which 
of course does not show on the outside of the shell. 

PRODrCTl'8 8EMIREnCULATl*8. 

Fio. 4. Ventral valve i^-ith side view in outline. 

Locality: Bisbee quadrangle. Thip 8i)ecies h* common in the Naco limestone, but does 
not occur in the Mississippian. 

PrODUCTI'S INFLATUS? 

Fig. 5. Ventral valve. 

Locality: Bisbee quadrangle. 
6. Dorsal valve with side view in outline. 

N. B. — The dorsal valve ifi concave, and this is the interior surface. The shell has 

l)een in part exfoliated. 
Locality: Bisbee quadrangle. This si)ei*ie8 resembles the previous one, and the same 
remarks are true regarding it. 
52 
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PrODUCTUS NEBRA8KEX818. 

Fig. 7. Ventral valve, side view. 

Locality: Bisbee quadrangle. Specimen i» somewhat exfoliated and imperfect 

8. Ventral view. 

9. Dorsal view. 

Locality: Coal Measures of Nebraska. From the U. S. Geog. Surv. W. 100th Mer., 
vol. 4, PI. VIII, figs. 3a and 3b. Better preserved and more perfect examples from 
Nebraska. This species is distinctive of the Pennsylvanian, and nothing similar 
to it is known from the Escabroea limestone. 

MaKGINIFERA WABA8HEXSIS. 

Fio. 10. Ventral view. 

11. Dorsal view. 

Locality: Coal Measures, southern Iowa. From U. S. Geog. Surv. W. 100th Mer., 
vol. 4, PI. VIII, figs. 5a and 5b. 

12. Dorsal valve with aide view in outline. 

Locality: Bisbee quadrangle. This form is peculiar to the Pennsylvanian. 

Spirifer cameratus. 
Fio. 13. Dorsal view. 

14. Ventral view. 

Locality: Santa Fe, N. Mex. From U. S. Geog. Surv. W. 100th Mer., vol. 4, PI. X, figs. 

lb and Ic. This species is peculiar to the Naco limestone at Bisbee. The distinctive 

character consists in the grouping or bundling of the ribs. 

Seminula subtilita. 

Fio. 16. Dorsal view with side view in outline. 

Locality: Bisbee quadrangle. An elongated specimen of medium size. 
16. Dorsal view. 

Locality: Bisbee quadrangle. A more rotund specimen of the usual sort. This species is 
often extremely abundant in the Naco limestone. Forms not different materially 
from it are found in the Escabrosa limestone at Bisbee, but they are usually rare and 
for the most part small. 

Spiriferiha kentuckyensis. 
Fig. 17. Dorsal view with side view in outline. Enlarged 1} times. 
18. Ventral view with side view in outline. Enlarged 1 } times. 

Locality: Howard, Elk County, Kans. Museum No. 33139. This species is not rare in 
the Naco limestone. A form not greatly different occurs ab^o in the Escabrosa lime- 
stone. The shell in this genus is characteristic, being rather coarsely porous or 
spong>\ This can be seen with an ordinary hand lens. 

HUSTEDIA MORMONI. 

Fig. 19. Dorsal view. Enlarged 1} times. 

20. Ventral view. Enlarged 1} times. 

21. Side view. 

Locality: Coal Measures, Kansas, station 2474. This is a rather rotund specimen. Others 
are considerably elongate. This form is peculiar to the Pennsylvanian. Its repre- 
sentative in the Mississippian is Eumetria marcyi^ illustrated on PI. X. Externally 
the two specdes are distinguished by the much greater number of ribs in Eumetria. 
The shell structure in both species is porous or punctate, as in ASpiriferina, 
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Tliere appemr to \>e two >pe«:-k-> of Pn^htrt^i* of the >»-/«/>-/«>'//*// '^^ ^JP<^- Tbej 
jire DOC rmre, ret are in no io^tance rent" perfe«-t. On*' is related to /* /*vir; and tbe 
ocher to f\ O'^yid^ntniiM, Tbe ^ous ^hnphahAr*''h»tj' is well represented. One 
species appear^ to ^le the ?!anie a.* <>. »rh*tn^>j» Meek. Another Is related to O. 
•Mwffurpirtjt ShiimanL described as Tr^mhu* *^t»ijiljtplt*i^ while ?^rertl fonn.s a|^)ear 
to be new. Af^h^icldari* i> also represented io great rmriety and abundance. 
Species related to *rm»it*j. mrij'is^yhiJf^ rrat**, hl»in»jHhit*f . a^r^tU^wi^ etc., have been 
noted. Very few of the^se specie^ hare exact repre^entatire^i in the Misc^i^ippi 
Valley Pennsy Iranian, and few. if aoy. are found in the fauna below. Pr*tdNcti>t$ 
t'r^i^ Product wi <fyy dental iJ*. and Ar':h^0.'^*dttrijf '^maOi are ^ugge^ire of the Aubrey 
limestone of the Grand Canyon section, jast as the abundance of fhf»phtih4r*ichH9 
suggests the ''*Permo-Carboniferous** of California. The whole fauna is closely 
related to that of the limestones of the Hueco Mountains in western Texas. 1 shall 
later describe this 6iuna, and employ for it tbe name Hoeconian. Its age seems to 
lie late in the Carboniferous, perhaps about tbe same as tbe series \oA referred to. 
Tbe 6iuna has at the same time a very different facies from that of tbe Goadalope 
fauna, as well as from that of the so-called **Permo-Carboniferous'* of tbe Missis- 
sippi Valley. 

The close relationship, pointed out by Mr. Girty, between the Carboniferous 
fauna of Bisbee and that of western Texas is particularly interesting in riew of the 
fact that the Cambrian faunas of the two regions show a similar affinity. More 
than this, it will be shown in the following pages that the Cretaceou*^ fauna of the 
Bisbee group finds its noaivst analogue in pi>rtions of the Comanche series as 
dereloped in Texas. 

Some of the charaotoristir fossils of the Esi^abnisa and Naco limestones are 
illustrated on Pis. X and XL Thos(> fossils were selected by Mr. Girty. who rery 
kindly supplied the brief annotations to the plates. As the object of the plates is 
to enable those who are not ])aloontologists to rei\>giiize the typical forms and 
distinguish tliereby tlio differont limestones in the tieKU specifically identical spec- 
imens from other Kn^alities luivo htM»n ntilixtHl whenever the Bisbee specimens were 
not sufficiently well iiresorvtMl to furnish gtHnl illustration luaterial. 

KKSl^Mh': i>K TUK PAl.KOZtUr SKlTION. 

From the pivceding descriptions it ai>|M><u\s that l\iK>oa:oic time is represented 
in the Bisbee <iuadi*an)jle by ImhIs luvving a t(»tal thickness of a little over 5,«>»i> feet. 
Of these the lower 480 feet uro ipuirt/ites, while the ivmHiuin|;ir 4.57m feet are so 
predominantly calc*areous thai they may ho collectively designated as limestones. 
The Pennsylvanian is represcutcil hy at least a,iKHi ftvt of simta (the Naco lime- 
stone), while only 34(> feet (tho Martin limestone) can Ih> assi^m\l to the Heroniao, 
and the Silurian is wholly without siratijiraphic reprnM^Ualion, unless the unfo«^- 
iferous quartzite at the top of the Ahrigo limestone Monjjs in this peri^J. Xo 
uneonformity has been disiH>vored tii acciiuiU for the aK^m^e of reeogniiaUe 
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Silurian strata, but unlos.s the quartzite just mentioned is of that age and represents 
the whole of the period the region was probably a land area during at least a part of 
the interval between the Cambrian and the Devonian. 

The sequence and relative thicknesses of the various Paleozoic formations are 
shown in the generalized columnar section of PI. XII. 

For the pui*pose of determining whether the limestones l>elonging to the various 
divisions of the Paleozoic section possess any marked chemical individuality, such 
as might indicate essentially different conditions of deposition or influence the 
subsequent deposition of ores, typical specimens from each of the calcareous 
divisions were subjected to partial chemical analysis. The results are shown in 
the following table: 

Partial amtlyi<ei< of Paleozoic liine^fonei*. 

[W. F. Hillebrand, analyst.] 



III. 



IV. 



v. 



SiO, 11.80 12.53 

AlA ' «2.15 «1.04 

l^^^\ ' 1.0« ' 

MgO ; .48 



CaO 45.86 



1.26 

17.41 
27.28 



8.52 
\ «.64 

.55 

50.07 



0.06 
«.12 

.13 



2.52 



«.24 



.46 



55.80 I 53.68 



a Includes TiOj and PjOj. if present. b Calculated a^ FetOa. 

I. Representative 8i)ecimen of Abrijro limestone. 
II. Dolomitic phase of Abrigo limestone. 

III. Representative specimen of Martin limestone. 

IV. Representative specimen of Escabrosa limestone. 
V. Representative specimen of Naco limej^tone. 

Evidently the foregoing analyses do not give the average composition of each 
formation as a w^hole. The determination of such an average would require elab- 
orate and extensive sampling with that sj^ecial end in view. The specimens utilized, 
however, were selected with care as illu.strating the preponderant and character- 
istic lithological aspect of each formation. The greatest difference between analysis 
given and average composition would probably be found in the case of the Abrigo 
formation, which contains a considerable bulk of chert and shale unrepresented in 
the present comparison. 

It appears from the analyses that the typical white crinoidal limestone of the 
Escabrosa formation is very nearly pure, containing over 99 per cent of calcium 
carbonate. The Naco, Martin, and Abrigo limestones are successively more siliceous 
and contam more alumina and iron oxides, but the}" consist essentially of calcium 
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earbonat<», and the latter two are less impure than might have been expected from 
their color and appearance. Although the Abrigo limestone locally exhibits 
dolomitic phases, it, like the other Paleozoic limestones of the quadrangle, is in the 
main practically free from magnesia. 

MESOZOIC SEDIMENTS. 
GENERAL STATEMENT. 

The Mesozoic era is reprovsented in the Bisbee quadrangle by a thick accumu- 
lation of conglomerate, sandstone, shale, and limestone which has Ix^cn named the 
Bisbee group, and is of Cretai^eous age. It is probable that Jurassic and Triassic 
strata are entircly absent. 

BISBEE GROUP. 
NOMENCLATURE AND HrBDIVI8ION8. 

In 1902 Dumble** described under the name RUhee beds an assemblage of 
arenaceous and calcareous strata near Bisbee, assigning to them a thickness of 
about 3,000 feet and referring them on satisfactory paleontological evidence to 
the Creta^'eous. This, so far as I am aware, was the first recognition of Cretaceous 
beds in the Mule Mountains. In the present report Dumble's name has been 
retained as the Bbkee group^ a group divided into four formations. The lowest 
of these, the Glance conglomerate, derives its name from Glance, a station on 
the El Paso and Southwestern Railroad, near the Glance mine. The overlying 
Morita formation is named from the Morita Hills, lying just south of the inter- 
national boundary, between longitudes 109^ 45' and 109^ 50'. The Mural limestone, 
overlying the Morita formation, is so called from Mural Hill, east of Bisbee. 
The topmost member of the group, the Cintura formation, derives its name from 
Cintura Hill, near the northern edge of the quadrangle. The local upper limit 
of the Cintura formation and of the Bisbee group is a surface of Quaternary 
erosion. The definition of the group is therefore left somewhat elastic as concerns 
its upper part, in the hope that future work in southeastern Arizona will discover 
the relation of the Bisl>eo group to possible stratigraphic representatives of upper 
Cretaceous or Tertiary time. 

Beds belonging to this group are known to enter largely into the structure 
of the Mule Mountains, north of the area here studied; they have been noted in 
great thickness by Dumble* south of Rucker Pass, in the Chiricahua Range, and 
very probably occur in the San Jose Mountains, southwe^^t of Naco. 

The sequence and thickness of the various formations making up the group 
as it occurs in the Bisbee quadrangle are graphically represented in the generalized 
columnar section of PL XII. As there shown the total thickness of the Cretaceous 
beds in the Mule Mountains probably exceeds 4,750 feet. 



aDumble, E. T., Xotea on the geology of southeastern Arizona: Trans. Am. In»t. Min. Eng., vol. 81, 1902, pp. 696-715. 
bibid., p. 70b. 
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GENERAL DISTRIBUTION. 

The rocks of the Bisbec group outcrop in a broad belt, of generally northwest 
and southeast trend, occupying much of the northeastern and eastern portions of the 
quadrangle. From Juniper Flat to Gold Hill this belt is bounded to the southwest 
by the sinuous line defining the unconformable contact of the Glance conglomerate 
with the pre-Cretaceous rocks, while on the east the beds pass unconformably 
beneath the Quaternary detritus covering the floor of Sulphur Spring Valley. 
South of Gold Hill the Bisbee sediments are divided b}' overthrust faults into 
separate blocks, which together form a belt about 6 miles in width, bounded on the 
east, west, and in good part on the south by Quaternary deposits. The general 
aspect of the Bisbee group as exposed in the hills northeast of Bisbee is illus- 
trated in PI. IX, B, and PI. XIU. 

GLANCE CONGLOMERATE. 

Distrihutuyn^ thl^^ikn^s^ and general Htratigraphy. — The basal member of the 
Bisbee group is well exposed just north of Bisbee as a distinctly bedded red-brown 
conglomerate, from 50 to 75 feet in total thickness, resting upon a pre-Cretaceous 
surface of erosion carved upon the Pinal schist. This old surface is in this part of 
the quadrangle a nearly even plain which has been tilted about 15 degrees to the east, 
and which, as it emerges from beneath the Glance conglomerate, is recognizable as 
a well-marked topographic bench formed by the tops of the schist ridges north of 
Bisbee and by the gently inclined surface of Juniper Flat. (PI. XIV, A.) The 
conglomerate continues northwestward, retaining a fairly constant thickness to 
within a mile of the northern edge of the quadrangle, where it rather suddenly 
thins out, and for a distance of about 1,5(X) feet is wanting, the Morita formation 
resting directly upon the granite. The conglomerate comes in again, however, 
toward the north and continues beyond the bounds of the quadrangle. Toward 
the southeast the conglomerate, interrupted by some faulting and becoming rather 
thinner, extends to Mule Gulch, where it is offset to the west by a series of post- 
Cretaceous faults. 

South of Mule Gulcji a marked Qhange occurs in the formation. Instead of 
resting as a smoothly spread and rather thin deposit upon a nearly plane surface, 
the Glance conglomerate becomes exceedingly variable in thickness and fills the 
hollows in a buried topography scarely less diversified than that in the vicinity 
of Black Gap at the present day. North of the gap the conglomerate occupies 
an irregular basin. (PI. XV, A.) It probably attains a local thickness of over 
500 feet in the deepest part of this depression, and must formerly have been 
considerably thicker. ^ Hills of Paleozoic limestone project through the conglom- 



aA diamond-drill hole put down by the Junction Development Company. 1^ miles southeast of Bisbee, since this 
report was written, is reported to have gone down 653 feet in the Glance conglomerate. It then penetrated 
mineralized granite-porphyry for 70 feet, when boring was temporarily suspended. 
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erate at sereral points, notably a niih^ northeast of Black Gap. where there is 
excellent opportunity of studying the relation of the Glance formation to the 
irregular pre-Cretaceous surface upon which it lies. (See PI. XR'. B.) A 
similar i-onglomerate-tilled depression forms the head of Gold Gulch, the con- 
glomerate in all probability attaining here a local thickness of over 2«» feet. 

This contrast lietween the pre-(.'retac-eous topography north and south of 
Mule Gulch is a very striking feature, the origin of which will be discussed in 
succeeding page<. 

Northwest of Gold Hill the conglomerate <lips generally to the east or north- 
east, at angles ranging from lo to iJ<» . At (told Hill, however, the beds are 
overridden by an overthnL^^t block r»f Paleozoic limestone (PI. XXI), and are 
locally turned up to a nearly vertii.-al position in a compressed and slightly 
overturned anticline. 

About li miles southeast of Gold Hill the belt of conglomerate thus far 
described is cut off by a fault. 

The area of Glance conglomerate stretching southward from Gold HiU into 
Mexii'O presents by far the most extensive exposure of this formation within 
the quadrangle. Like the areas at the head of Gold Gulch and north of Black 
Ciap, it probably rests upon an unevenly eroded surface of Paleozoic limestones, 
which in turn form part of the great fault block that has l>een thrust lK>dily 
northeastward over the belt of Glance conglomerate and Morita formation lying 
on the northeast side of the dislocation. Toward the southwest, near Johnson's 
and Armstrong's ranches, the i^onglomerate passes with southwesterly dip beneath 
the conformably overlying Morita formation. On the northeast the contact 
l>etween the conglomemte and the Paleozoic limestones is seldom exposed. In 
some places there iippi»urs to have In^en faulting l>etween the Cretaceous and 
older rocks, while elsewhere the conglomenite apparently reposes undisturbed upon 
the slopt-s apiinst which it was originally dei)osited. The thickness of the 
conglomerate is prolmbly greater in this imni than elsewhere in the quadrangle. 
At the Glance mine a shaft wa.^ sunk to a di^pth of :><>» feet liefore reaching the 
lK)ttom of the conglomerat<\ and as the san»e rock with gentle easterly dip forms 
a hill just west of the mine and rising 4U) fi^t alnne the collar of the shaft, 
the total thickness of the fonnation is probably at least ♦>«n» feet. As a whole 
the conglomerate beds of this area form a gt^ntly flexed anticline (see the struc- 
ture sections, PI. I), with a nearly northwest-southeast axis. The two narrow 
exix)sures of Naco limestone hetwcu^n .lohnsou\s vaiuh and the Glance mine are 
plainly old eroded ridges which formed ])art of tlu^ irrt^gular surface upon which 
the conglomerate was laid down and whieh are now again exi>osed bv erosion 
along the crest of the low post-Cretmeoiis antirliue. 

Near the overthrust faidt, which is iletiued to|Higmphii^lly bv the open 
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A. GRANITE MASS OF JUNIPER FLAT FROM ESCABRObA RiDGE. 
Shows out.iers of Cretaceous strata resting upon an oven surface of e'osion. 




B. GLANCE CONGLOMERATE RESTING UPON IRREGULARLY ERODED NACO LIMESTONE 1 MILE NORTHEAST 
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valley between Glance station and Christiansen's I'anch, the beds of conglomerate 
have a local southwest dip and are in places nearly vertical. They thus fonn a 
narrow syncline along the northeast border of the main anticline. 

The only other area of Glance conglomerate that requires particular mention 
is a small one (liuperticially divided in two by a strip of Quaternary material) 
occurring about a mile notheast of Glance station, on the edge of Sulphur 
Spring Valley. This also lies upon the back of an overthrust block of Paleozoic 
(Naco) limestone, which has been shoved, in this case from the east, over the 
Cretaceous (Mural) limestone. 

Lithology. — The pebbles and fragments that make up the Glance conglome- 
rate have been derived from the pre-Cretaceous rocks of the region, and have, 
as a rule, undergone no considerable ti^ansportation. To a certain extent, there- 
fore, the distribution of the derivative materials of the conglomerate corresponds 
with the areal disposition of the underh'ing rocks which supplied the conglome- 
ratic detritus. It is thus rather diflScult to characterize the formation as a whole, 
although its identitication seldom presents any difficulty. The most constant 
features are fairly distinct bedding, imperfect rounding of the pebbles, consider- 
able induration, and a prevalent reddish color — particularly of the matrix. The 
other and more variable lithological characters may best be exhibited by describ- 
ing actual occurrences of the conglomerate and noting the changes that appear 
as the formation is followed across the quadrangle from its northern to its 
southern border. 

At the northern edge of the quadrangle the Glance conglomerate rests upon 
granite and is composed of rather angular fragments of this rock mingled with 
bits of vein quartz. On Juniper Flat fragments of schist become abundant, 
and on the east side of Soto Canyon they make up by far the greater part 
of the conglomerate. With them, however, are associated ocxrasional pebbles 
of granite, granite-porphyry, limestone, dark chert, and vein quartz. At the 
head of Brewery Gulch, just north of Bisbee, the Glance formation comprises 
several rather irregular beds of dark red-brown conglomerate containing lenses 
of red sandstone and shale. Imperfectly rounded pebbles of schist preponderate. 
These are occasionally as nmch as 8 inches in diameter, but are usually smaller — 
the average being perhaps 2 or 3 inches. These are embedded in a dark-red sandy 
matrix evidently derived from the disintegration of Pinal schist. The coarser 
material predominates in the lower part of the formation, while the increasing 
proportion of sandstone and shale in the upper part produces tbe effect of a 
partial transition into the oveilying Morita formation. 

The conglomerate forming the area noilh of Black G^p and at the head of 
Gold Gulch is generally of a dull, dark-red color and is made up principally of 
schist fragments, as may be well seen along the various roads running south from 
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Bisbeo, and in the excellent exposures on the divide a mile northwest of Gold 
Hill. (PI. XV, B,) At the latter loc'ality were observed several slightly waterwom 
blocks of the schist which were fully 18 inches across, and a few which 
measured 3 feet in diameter. As the rock underlying this mass of conglomerate 
is the Naco limestone, the schist fragments which compose the bulk of the 
material nuist liave been derived from areas of Pinal schist lying immediately to 
the north and east, and now largely buried beneath the Cretaceous beds. Not 
all of the conglomerate, however, is of schist derivation, for wherever hills of 
limestone protrude through the Glance formation and along the southwestern 
lK>rder of the basin, it is found that the lower part of the deposit is composed 
of blocks of limestone firmly cemented with the usual reddish matrix. These 
angular fragments and imperfectly rounded limestone pebbles were evidently 
derived from the immediatel}' underlying Naco limestone. They lay upon the 
limestone hill slopi's, or formed talus heaps against small cliffs, as may be seen a 
mile northeast of Rlacrk Gap, and aftt^r slight reworking by the waves of the 
Crottt<MHiuH w« wen» liuried lN)ne4ith the abundant schist detritus carried into the 
Inuitn from tlie north and cast. 

The lH»lt of roiigloni<*rat/e which passes from the head of Gold Gulch 
through the NiMidle northeiiNt of (iold Hill and thence eastward toward Black 
Knob contaiiiH Koine \hh\h of grit and shale assoi*iated with the usual coarser 
n)nglo!nornt4». The |M»bbli*« of the \\\X.U}v are principally schist and granite (or 
graiiite-iH)rphyry) with whih^ lini<*Ntone. 

The low hilU Hlretiliing Nouthward from Cfold Hill to the international 
boundary are rarvi'H from «'oiigl<jnirmt4^ Himilar in general appearance to that 
north of HhwU (Jap. IVbl»h*H of nrhlMt, (|uartzite, granite, granite-porphyry, and 
vein (|uart/. wen* iioliwl, luifl Mh< frugnieiit^ i)f schist in i>articular sometimes make 
up a conHldenible pint of thif ijppi*r be<lH, us in the vicinity of Jobnson-s ranch 
ami in tlie lower |Mirt of Gol«l Gulrli. Uut near the Glance mine and along the 
line of tin* Kl P»i»»«» "»»<' Houllmi-ninn It^iilroad the formation is mainly com- 
jMwed t»f ImmIh niiide up iiliiMml i^Miluhlvrlv nf |H'bblos of limestone embedded in 
a redilinh niatrln wliiih iltii viwnn firefly with acids and is evidently also com- 
posecl of iletritUH i|eri\i'd iliiilly fiiiMi linieHtones. (uhkI exposures of these 
limcHtone conglonierati'n iiir foiiii'l in llm niilniiMl cut^ and along the sand-scoured 
rocky lied of (llaiice CumIi. Il uiii Im; ihm'ii ilmt iluvse limestone iH>ngIomerate8 
sonietimcH altenmt4' wllli hnln i»r m hi..i mhiiliunomto |ito th^^so desi^ribed north 
of HIack Gap. 

The cuh'areouM pi^bbh'" ''f <l»l'' "»•'» ni llm iiin^^Kimemte have Un-n derived 
mainly from tlm ('iirlMinirrioU'i hnii^iin. .., |mrliiuluvlv the Nav\> limestone, 
which is known to uiiih^rll" «» poMloi. ul ihn l.n.ln. W^^ schist fragments were 
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A VIEW SOUTHWARD FROM MULE GULCH THROUGH BLACK GAP. SHOWING BASIN FLOORED WITH 

GLANCE CONGLOMERATE. 

The hills on either side of the gap are formed from Paleozoic limestones. Beyond them stretches Espinal Plain to the foot of the San Jo«e 
Mountains, whose dominant peak appears on the sky line to the right of the gap. 




B. GLANCE CONGLOMERATE AS EXPOSED 1 MILE NORTHWEST OF GOLD HILL. 
The angular pebbles or fragments aro mostly of schist, and range from a fraction of an inch to 3 feet in length. 
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undoubtedly supplied b}' the Pinal schist, but whether they came from the 
known areas north of Mule Gulch or from ancient exposures in the southern 
part of the quadrangle now concealed by Cretaceous or Quaternary' deposits is 
not known. Similar uncertainty obtains in regard to the pebbles of quartzite 
and granite-porph^^ry. The Bolsa quartzite and the granite-porphyry intrusions 
of the northern half of the quadrangle could supply such materials, but it is not 
known whether the masses of these rocks now exposed were the actual sources 
of the conglomeratic material in the southern part of the quadrangle. 

The small area of Glance conglomerate lying northeast of Glance station is 
composed almost exclusively of rather coarse fragments of Carboniferous lime- 
stone, sometimes containing fossils. These imperfectly rounded pebbles arc 
firmly embedded in a compact, reddish, calcareous matrix of the same character 
as that cementing the conglomerates between Gold Hill and the Glance mine. 

Conditions of deposition, — The Glance conglomerate is a coarse littoral deposit 
laid down along a marine shore line that rapidly encroached upon the land &s a 
consequence of the latter's subsidence. The comparative rapidity of the submer 
gence is shown by the variable size and very incomplete rounding of the pebbles. 
These were evidently subjected for a brief time only to the wear of the waves and 
were then buried beneath the fine gravels, sands, and muds of the Morita formation. 
Further evidence that the subsidence was, lo^all}-, at least, a geologically rapid 
movement is found in the hilly topography that underlies a considerable part of 
the Glar.ce formation. The pre-Cretaceous surface sank beneath the waves before 
the latter could reduce its inequalities by planation or do more than slightly 
rework the stony detritus that littered its slopes and lay in its hollows. 

The final result of the deposition of the Glance conglomerate was to level up 
the pre-Cretaceous topography, which must have exhibited differences in elevation 
amounting to at least 600 feet, to a smooth sea bottom upon which afterwards 
accumulated the regular beds of the Morita formation. The tilling necessary to 
effect this leveling was, however, as has already been pointed out, much greater 
in the southern half than in the northern half of the quadmngle, and some 
explanation of the abrupt change which occurs along the line of Mule Gulch is 
demanded in order to fulh' undei*stand the manner in which deposition i)roceeded. 

If the Cretaceous l>eds could be restored to their original nearly horizontal 
position and then be entirely removed, we should see exposed the old surface upon 
which they were laid down. In the northern part of the quadrangle this surface 
would be a nearly level plain of erosion floored with Pinal schist, granite, and 
granite-porphyry. In the vicinity of the present Mule Gulch the plain would 
terminate, and one standing upon its edge would overlook to the south a lower 
country diversified by hills of light-hued Paleozoic limestones. What geological 
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events, it may be asked, resulted in this association of elevated plain and hilly 
lowland? Was the plain formed prior to submergence by ordinary subaerial 
erosion at a generally lower level than the neighboring limestone hills, and was it 
subsequently elevated with reference to the latter by faulting? Or was it cut 
during the subsidence by the combined attack of rain, streams^ and waves upon 
the highest portion of the land mass and the last to be covered by the sea? 

Reference to the geological map of the quadrangle (PI. I) shows that the line 
of abrupt change between the comparatively thin uniform layer of conglomerate 
on the north and the locally thick and variable conglomerate on the south coincides 
with a line of faulting which brings the Xaco limestone against small remnants of the 
Bolsa quartzite resting upon the Pinal schist, and which is the easterly continuation 
of the great Dividend fault (see p. 85) which passes through the town of Bisbee. 
It is probable, therefore, that this fault had a direct influence upon the development 
of the pre-Cretaceous topography. As is elsewhere shown (p. 92) the main 
displacement along this fissure was accomplished before the intrusion of the 
porphyr}' and consequently before the Cretaceous submergence. But thei-e has also 
been a revival of movement along the fault since the Glance conglomerate was 
deposited, as may be seen from the offsetting of the latter formation along Mule 
Gulch. 

It seems probable, in the light of all the known facts, that the deposition of the 
Glance conglomerate was preceded and conditioned by the following train of events: 
After the main dislocation of the Dividend fault, subaerial erosion continued to 
degrade the region until nearly all of the Paleozoic rocks had been stripped from 
the up-faulted northeastern half of the quadrangle, and the pre-Cambrian schists, 
with their included granitic intrusives, laid Imre as a broad and topographically 
simple ridge, whose upper surfacH) was nowhere grt»atly above or Iwlow the surface 
of the denuded Cambrian jwneplain \\\xi\\ which the Bolsa quartzite had been 
deposited. The southeastern half of the (luadrangle, on the other hand, with its 
intricate structure of down-faulte<l Paleozoic IhhIs, was carved into a complex hilly 
topography, standing as a whole somewhat lower than the schistose terrane to the 
northeast. The region was then i-ather rapidly submergini, until the schists and 
granite of the northeastern imrt of the quadrangle alone stood above the sea. 
During this subsidence the calcareous congloniemtes of the Glance formation 
accumulated over the uneven surface of the Paleozoic n>cks. Possibly, also, 
renewed movement along the Dividend fault nmy have somewhat accentuated the 
physiographic boundary between the northeastern and southwestern parts of the 
quadrangle. There was probably at this stage a ivtaixlation of the general sub- 
sidence, while the waves and streams attacked the still pn>jei*ting si^hist mass, and 
gradually reduced it to sea level, the material derived tnm its degradation helping 
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• 
to level up the hollows in the region that had been carried down in the more rapid 

sinking, and finall}' accumulating as a relativel}" thin deposit over the last land to 

become sea bottom. With the entire submergence of the region embraced bv the 

quadrangle the deposition of the Glance conglomerate came to an end and was 

succeeded by that of the Morita formation, whose materials were probabl}' derived 

from a source outsidfe of the district here described. 

MOKITA FORMATION. 

Distribution^ thickness^ and general Htratigraphy. — The Morita formation is 
exposed within the Bisbee quadrangle in two main areas — one an irregular belt 
traversing the quadrangle almost diagonally from its northern edge to its south- 
eastern corner, the other a much shorter parallel strip lying west of Gold Gulch 
near Armstrong's ranch, 5 miles east of Naco. 

In the former and larger area the beds dip generally east- northeast in the 
northern part of the quadrangle, at angles ranging from 15^ to 20^. The strata, 
however, are not merely tilted, but frequentl}' exhibit slight undulatory folds 
with northwest-southeast axes. In the neighborhood of Mule Gulch the strike 
of the beds becomes nearly northwest and southeast. The dip is generally to 
the northeast, but varies from about 15^ in the lower beds near the Glance 
conglomerate to about 60^ in the higher beds close to the Mural limestone. 

The hills between Gold Hill and the Easter Sunday- mine are carved from 
the Morita formation. Near the Gold Hill overthrust, the beds are upturned 
until they are practically vertical (PI. XXII); but the normal dip of 20^ to 25^ 
to the northeast prevails along the rtiain ridge and continues to within a short 
distance of the Easter Sunda}' mine, where the angle of dip again increases until 
an inclination of 55^ is attained near the base of the Mural limestone. These 
relations are shown in structure-section CC, PI. I. 

At about the line of this section, the strike of the beds again swings into a 
nearly north- northwest to south-southeast direction, which is retained to the southern 
edge of the quadrangle. Northeasterly dips of from 20*^ to 35^ prevail in this 
portion of the area, except along its southwest border, where the beds are locally 
disturbed in the vicinity of the Gold Hill overthrust fault. 

The l>eds of the second area of the Morita formation — that surrounding 
Armstrong's ranch — have the same general strike as those between the Glance 
mine and Christianson's ranch. Their dip, however, is southwesterly, at an angle 
of about 15*^. They conformabl}- overlie the Glance conglomerate of Gold Gulch, 
and underlie the Mural limestone of the low hills 4 miles east of Naco. Were it 
not for the complication introduced by the Gold Hill overthrust the}' might be 
considered simply as the southwestern limb of a low anticline, of which the beds 
southeast of Glance form the northeastern limb. 



64 GEOLOGY AND ORE DEP0BIT8 OF BISBEE QUADRANGLE, ARIZONA. 

The thickness of the Merita formation, as measured in the excellent exposures 
north and east of Bisbee, is 1,800 feet; but the beds thicken to the south. 

Lithdogy. — The Morita formation comprises uniformly alternating beds of 
dull-red shales and red or tawny sandstones, with occasional layers of grit and 
lenses of impure limestone. Although some of the strata are 10 or 15 feet in 
thickness, the formation as a whole is characterized by beds of moderate thickness — 
usually less than 4 feet. The general landscape tints are dull red or yellowish 
brown, dependent upon the local predominance of the red or tawny beds. As a 
rule, the red color prevails near the base and the yellow tones in the upper part 
of the formation. 

The red shales are finely arenaceous, and not particularly fissile. In fact, 
when they have not been exposed to the weather, they are tough, compact rocks 
with no distinct cleavage. The cementing material is calcite, as shown by the 
free effer\'escence of the shale in dilute acid. Little, light-gray, concretionary, 
calcareous nodules are a characteristic feature of the red shale. Thej" are 
particularly conspicuous on weathered surfaces, and might readily be mistaken 
at first glance for pebbles of limestone. In the upper part of the formation 
the red shales become still more calcareous. The gray nodular concretions 
increase in abundance, and occasional thin beds or lenses of compact gray limestone 
appear within the shales, into which they grade above and below. The limestone 
lenses are not fossiliferous as a rule, although in some of the sections exposed 
northeast of Bisbee and in the little hills southwest of Armstrong's ranch they 
contain molluscan fossils of the same types as those occurring near the base of 
the overlying Mural limestone. 

The sandstones alternating with the shales frequently show cross bedding, 
and range in color from reddish brown to buff. They are usually fairly hard, 
fine-grained rocks, in which the original sand grains have been cemented by 
calcite. In the upper part of the formation, however, are occasionally hard 
tawny to buff-cx)lored beds, in which quartz is the cementing material. These 
might therefore properly be called quartzite. Microscopical examination of a 
representative specimen of the sandstone shows it to consist of incompletely 
rounded grains of (juaitz, frequently' showing cr3^stal enlargement by the growth 
of new quartz upon the worn particles, and a few f mgments of plagioclase. The 
interstices between the detrital grains are filled with crystalline calcite. 

About 1200 feet above the base of the Morita formation occurs a bed of 
reddish-brown grit from 10 to 15 feet in thick^ness, but otherwise there is no 
marked interruption in the monotonous repetition of sandstones and shales 
extending from the top of the Glance conglomerate to the l>ottom of the Mural 
limestone. 



MOBITA FORMATION AND MUBAL LIMESTONE. 65 

Between the Merita formation and the Mural limestone, next to be described, 
there exists no sharp natural boundar}-. The dominantly arenaceous Morita beds 
pass upward through transitional phases into the dominantl}" calcareous Mural 
limestone. The divisional plane chosen for descriptive purposes is that defined 
by the upper surface of a bed of hard buff sandstone or quartzite, which, as 
may be seen from the geological map (PI. I), outcrops from beneath the Mural 
limestone to the east of Bisbee in such a manner as to find topographic 
expression in a series of little bench-like spurs, easily recognized by anvone 
looking along the general line of contact of the two formations. (See PI. 
IX, B,) Immediately overlying this sandstone is a bed of dark impure limestone 
made up in considerable part of broken shells, chiefly Ostrea, The divisional 
plane marks practically the upper limit of the sandstones and red shales, 
although, as we have seen, it does not absolutely define the lowest appearance 
of fossiliferous limestones. 

Conditions of deposition, — The Morita formation is clearly a shallow- water 
deposit, representing the transition during continued subsidence from the littoral 
conditions under which the Glance conglomerate accumulated to those of moderately 
deep water in which the medial beds of the Mural limestone were quietl}'^ deposited. 
Materials such as compose the Morita beds are rarely transported to greater depths 
than 600 feet, and, as the total thickness of the foiination is 1,800 feet, it may be 
concluded that sedimentation kept fairly even pace with subsidence. 

The actual source of the Morita sediments is unknown. It is evident that 
the Pinal schist contributed detritus to the basal beds, since the latter contain 
occasional visible fragments of schist, and are not to be sharply distinguished as 
regards lithological materials from the Glance conglomerate. But as it is 
probable that all of the schist within the limits of the quadrangle was covered 
by the Glance conglomerate before any considerable part of the Morita beds 
was laid down, the land mass that furnished the sands and muds now consolidated 
as the Morita formation evidentU' la}" outside of the area imder investigation. 
Paleontological evidence, as will be later seen, indicates that the general shore 
line at this time was to the west. 

MURAL LIMESTONE. 

Distribution,, thickness^ and general stratigraphy. — As one approaches Bisbee 
through the southern passes, particularly when the noonday glare has softened into 
the shadows of evening and the sculptured beauty of the hills is compensation 
for their barrenness, he is confronted by a prominent light-gray cliff crowning 
MuiTil Hill and stretching like a rampart along the face of the ridge northeast 
of town. (PI. IX, B,) This cliff, giving scenic distinction to otherwise rather 
prosaic hills, is formed b}' a portion of the Mural limestone. Below the cliff, 
51d— No. 21—04 5 
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which varien from o<i to 20() feet in height, i^ a smooth steep slope of about 200 
U^t from trip to >K>ttom, and at the foot of thi.s .slope a line of projecting spurs 
marking the outrrop of the topmost \yed of the Morita formation. The cliflF 
ami slope are genetically related ami are the topographic expression of the 
reHintance Uf erosion of certain thick,, hard beds comixwing the upper pert of the 
Mural limest^ine, and the ready disintegration of some thin impure limestones in 
itM lower part. 

If we disregani local concealment by the Quaternary deposits and some irregu- 
larities due to faulting, the Mural limestone is exposed in a relatively narrow belt 
which, entering the quadrangle at alxnit the middle point of its northern boundary, 
pursues a southerly course until it reaches the latitude of Bisbee. Thence it sweeps 
southf^ast Uf the edge ol Sulphur Spring Valley, and again curving southward main- 
tains a south-southeast course? until it [)&sses out of the southeast corner of the 
(|uaiiningle into Mexico. 

On the mirth the Mural limestone, like the beds of the Morita formation, dips 
generally to the northeast at angles ranging from 10^ to 20^. The breadth of the 
outcrop in the vicihity of Dixie Canyon is due to this low angle of dip, to the 
pre.s<*nce of some shallow folds with northwest-southeast axes, and to minor faulting. 
At the point where the Is-ds turn soiitheiist towanl Mule Gulch the dip becomes 
st4M»|M»r, and where the limest^)fies are crossc»d by the roiul to Forrest's ranch they 
attiiin a nuixiiinun dip of o;> to the northeast. Southeast of the Easter Sunday 
mine Uie <lip decreasi's niitil it is from 20 to 30 . The unusually steep dip of the 
Mural limestone near Mule (iuK'h is asso<'iated with dips nearly as great in the 
mlju(*ent Morita and (lifitura InmIs. The inclination of these l)eds rapidly diminishes, 
however, both to the nortlieaMt Hn<i U> the southwest, away from the Mural limestone, 
the latti'r exhibititig the niaxiniutn effect of this l(H*al upturning of the strata. 

A mile northeiist of (JIance slatioti the Munil limestone is partly covered by a 
fault block of Niico limestiMie that has lN*en tlinist over it from the east. 

In addition to the princl|ml area just dcMcribed, the iiuadningle contains several 
smaller exiN)sures of the Mural Iluiest4)ne« Such are the small hills rising out of 
the QuatcM'nary <leposits lUMir the eMHt4«rfi edgt^ of the (|uadrangle, opposite the 
mouth of (JIanee Canyon. 'I'he InmIs fonrilitg these hills dip to the southwest and 
constitute the western limb of an anticline, the other limb Inking partly represented 
by similar hills projecting above tin* (iuateriiary deposits farther east Another 
small area is that near Boundary Monument IM, -I miles east of Nai*o. The sti-ata 
here conformably ov«^rlie the Morita beds of the ArmsttH>ngV ranch area, and 
dip to the southwest. They eontiiuui southeastwiird into Mexico. The last area to 
which attention nee<l be particularly dIreetiMl lies u little less than a mile southeast 
of Gold Ilill. It is a small blo(*k, bounded by faults. The Inteivsting questions 
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presented by the occurrence of a little isolated ma^ss of Munil limestone at this place 
will be considered in the section devoted to geological structure. 

Lithohpgy, — Although niapi>ed as a unit, the Mural limestone, with a thick- 
ness of 650 feet, is divisible into at least two stratigraphic members — a lower 
portion, about 300 feet in thickness, comprising thin-bedded impure limestones, 
and an upper portion 350 feet thick in which relativelv thick-bedded and pure 
limestones predominate. The lower member is represented topographically by 
the smooth under-diflf slope. Its exposures are seldom conspicuous, and show 
subdued greenish-yellow, dark-green, brownish, or gray tints. The top beds of 
the lower member are usuall}' buff sandstones, which may have a total thickness 
of 25 feet. Below these are rather soft thin beds of sandy limestone, sometimes 
grading into cross-bedded highly calcareous sandstone, with occasional thicker 
beds of dark-gray shell limestone, composed almost entirely of oyster shells 
(Ostrea), MoUuscan remains are plentiful in certain of these beds, although not 
always well preserved. The g^nQTH most commonly represented are ihtrea^ 
TurrlteUa^ Lnnatia^ Cyprlna^ Trigonia^ and in one highly fossiliferous bed 
exposed just northeast of Monument 01, on the international boundary, well- 
preserved individuals of Pecten stantoni are abundant. Exceptionally favorable 
localities for making collections of representative fossils of the Bisbee group are 
found in the nearly isolated and faulted area of Mural limestone 2i miles north- 
east of Bisbee, on the slopes beneath the cliffs in the vicinity of Mural Hill, 
and on the northeast side of the little group of hills 4 miles east of Naco. 

The upper member of the Mural formation, unlike the lower beds just 
described, outcrops prominently, usually forming a cliff. The strata range from 
gray to white, and thus contrast strikingl}' with the sober red and tawny tints 
ot most of the sediments composing the Bisl)ee group. At the bottom, resting 
upon the buff sandstone at the top of the lower member, are two or three beds 
of hard, gray limestone, which constitute practically a single massive stratum from 
40 to 00 feet in thickness. This is the cliff-making portion of the Mural lime- 
stone. Above it lie beds of similar lithological character, but distinctly thinner — 
ranging usuall}' from 6 to 10 feet in individual thickness. 

The gray limestones are richly provided with fossils, but these do not 
weather out readily, and the tough, compact nature of the matrix renders their 
collection difficult. One or more species of (hirea^ in individuals up to 7 inches 
in length, are abundant, particularl}' in the very thick beds at the base of this 
upper member, while in the higher beds the little disk-like Orbitolina texaaa is 
very common and is associated with the so-called Caprlna occidental !i<^ the large 
gasteropod Lnnatia 2>€demallH^ and a coral of the genus Astrocamla. Casts were 
seen which suggested the occurrence of a large Requienla^ but no distinct shells 
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of thii* genus were found. Part of a well-prejjen'ed ammonite in the possession 
of Mr. W. G. McBride, of Bisbee, and said to have been picked up in Brewery 
Gul<4u may hare come from some portion of the Mural limestone exposed at the 
bead of that gulch. 

The little hills near the eastern edge of the quadrangle north of Ilay Flat are 
ciomposed mainly of the hard limestones of the upper member of the formation. 
Some of the )ieds here (^ntain abundant corals {AMfrr»€>tti*4i and another form not 
collected)^ *' CkxprinaJ'^ and a number of little brachiopods {Rhynchon^Ihu Terebra- 
tdLcL, and Ter^prahihi) not seen at any other locality in the quadrangle. 

The upper meml>er of the Mural formation consisting almost, if not quite exclu- 
sirely, of gray limestone, is conformably overlain, as a rule, by a bed of rather 
vitreous buff quartzite. The (intact between these two rocks has been chosen as 
the boundary between the Mural limestone and the Cintiira formation. But, as in 
the case of the Mural limestone and the Morita formation, the division so made is 
somewhat arbitrary. IJimeHtoiic strata from 3 to 5 feet in thickne^ continue to 
occur in alternation with sandstones and shales throughout the lower lO) or 150 
feet of the Cintura formation and cx'casionally i*ontain T^trrMIn and other focssils 
apparently identical with fonns oiTurring in the Mural limestone. 

dmdUlijiVf ofJrjMmltit^n. -The lower member of the Mural limestone represents 
a period of transition from the sanJs ami muddy silts of the Morita formation to 
the gray fossiliferous limestones of the up|)er member of the Mural formatioD — that 
is, from terrigenous sediments to deposits formed more or le:;^ directly through the 
agency of marine organisms. The changi^ may have been effected by an acceleration 
of the general ^tM^^wv^ whereby this |)ortion of the sea beirame deeper and the shore 
line was trana^fem^i to ^*Uf-h a di^^tance as to prevent tht^ influx of detritus derived 
from tbe land. But tfarr a^Kiodance of /a»//v«i in the limestone, the general simibrity 
of the fauna of ih^ iwo oMin^i^r^ of the Mural foniiation, and the recurrence in the 
Cintuia fonmlMk ol F^ni^ liibrJ«igi«ally identii-al with tht><e of the Morita forma- 
tion, all ti»ri Uf inAifAij^ thai itk^ inf-m-tt^ in «lepth was slight. It is quite possible that 
the dbianisvir fFrjiott aff*«aM'^iHriCk* Vp #.alranp*>u^ dt^pi»^ition wa^ de|)endent upon alteratKNi 
of tiitfr ^mtgwtmi^iVi fA nhi^ biaid *tt tifiat tim*'. or even upon climatic mutation. Bui 
tlu^ yfpim^Jii^i tmt/ifC'^ i'A ni'tf- <^^ %rr Vttt utany an«l %ariaMe to be determined merely 
frrjm a ^i«stft4^iR«nlh'>a' M (ih«^ ^^^^ al« w*t rtuti tkw-m in the BUhee quadrangle to^y. 

JjijisirS^^^M'^ f ^f^'r'^'j*^^.. /*•/ j/'U.^vyy ^/v/**^y/ //riy. — The occurrence of theCintmrm 
fommlifm ailii/Jjt Hj^ H>^j^ y'**^'^''^^'"^^ ^ iluntM u» a single area which liesalo^ 
tbft *5d|p^ itjl ^uJj^v-i ^rUt^ ^ U'U*v '^rtil .**rj»n*1^ f^>nhwanl from the vicinitT of 
Fomsiit^ fmAi^ii^ ^t^ ^y^xtiivm itif(L »*\^i (^i^v^'^viil tt^ Ai'»nb#-m lioundary of the quad- 
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A(iE OF THE BISBEE CiROUP. 

The various collections of fossils made during the progress of the field work, 
chiefly from the Mural limestone, were submitted to Dr. T. W. Stanton, who 
very kindly furnished the following note concerning them: 

Note on the ('RETACEOfs Foj^wiij*. 
By T. \V. Stanton. 

The collection consists of a considerable numl)er of small lots of fossils 
with seldom more than three or four species from one locality, and it includes 
a number of undcscril>ed forms. The known species that are recognized, 
however, are sufficient to prove that only the fauna of the lower Cretaceous, 
or Comanche series, is represented in the collection. The identified species 
all occur in TexavS, indicating that the waters in which the Arizona deposits 
were laid down were directly connected with the Comanche sea of Texas and 
Mexico, which probably did not extend much farther west than the Bisbee area.** 

In the Texan region three principal divisions are recognized in the Comanche 
series. Trinity, Fredericksburg, and Washita, All of the identified species in 
this colle<*tion occur in the Glen Rose beds of the lowest, or Trinity, division 
and only one of them (Lutwtia pedernaliH) is known to pass up into the 
lower members of the Fredericksburg division. The following is the list of 
species referable to the Glen Rose: 

Orbitolina texana (Roemer). | Peoten etantoni (Hill). 
Glauconia branncri (Hill). Trigonia stolleyi (Hill). 

Lunatia pedemalis (Roemer). Trigonia n. np. 

Oetrea sp. i Cyprina 8[). 

The following forms are suggestive of Fredericksburg horizons, possibly as 
high as the Edwards limestone: 



**Caprina" sp. of. C. occidentalis (Conrad). 
Turritella sp. of. T. neriatim granulati (Conrad). 
Actieonella sp. cf A. doliuin (Roemer). 



AHtrocuenia sp. 
Rhynchonella sp. 
Terebratella sp. 
Terebratula sp. 

The only forms in this list that have much weight are ^^Caprhuv^ and Actseonella 
which are not known in the Texan region below the Fredericksburg division. 

It is safe to conclude that the fossiliferous horizon represented by these collec- 
tions corresponds in large part with the Glen Rose beds of Texas, and that possibly 
the upper portion is as high as the Edwards limestone: in other words, that they cer- 
tainly belong to the Trinity division and possibly in part to the Fredericksburg 
division of the Comanche series. 

Mr. Stanton^s report thus definitely assigns the Mural limestone to the lower 
Cretaceous or Comanche epoch. Direct paleontological evidence for as satisfac- 
tory a determination of the three other members of the Bisl>ee group is not 
obtainable. The conformable sequence of the beds, however, considered in con- 



aMr. Stanton inforaiA me that remarkably well-prefler\'ed fomilA, apparently from horizono near those represented by 
the Bisbee collections, were obtained by Capt. £. A. Meams of the Mexican Boundary Survey, in Guadalupe Canyon, 
about 50 miles east of Bisbee, in the extreme southeastern comer of Arizona.~F. L. R. 
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PLATE XVI. 

CRETACEOUS FOSSILS CHARACTERISTIC OF THE BISBEE GROUP. 

Fig. 1. Trigonia etoHeyi (Hill). Natural eize. 

2. Pecten stantoni (Hill). Natural eize. 

3. Lanatia peilemalis (Roemer); cut taken from R. T. HilPs Geography and Geology of the 

Black and Grand Prairies, Texas: Twenty-first Ann. Rept U, S. Geol. Survey, Ft VII. 
PI. XXV. Natural size. 

4. Orbitolina texana (Roemer). Enlarged 2 diameters. 

5. Turritella sp. Enlarged 1} diameters. 
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nection with the lithological transitions between the various stratigraphic units 
and the practical identity in character of the Morita and Cintura formations, 
below arid above the fossiliferous Muml limestone, leave no room for any reason- 
ible doubt of the Comanche age of the whole Bisbee group. 

In PI. XVI are illustrated a few characteristic fossils from the Mural lime- 
tones, kindly selected for this purpose by Mr. Stanton. 

CENOZOIC ROCKS. 
QUATERNARY DEPOSITS. 

DiBtTihutioiu — Deposits referable to the Quaternary period cover fully half 
of the Bisbee quadrangle. They are not deeply channeled, and natural sections 
of an}' but the superficial portions of the material do not occur. 

The Quaternary deposits occupy the main floors and embayments of the 
larger ^ valleys, such as Sulphur Spring Valley and Espinal Plain, and rise in 
gentle slopes toward the Mule Mountains. Against these they terminate in a 
very irregular line, which is nearly everywhere rather indefinite owing to the 
insensible passage of the slightly transported materials of the valley deposit 
into the loose stony detritus that cumbers the hill slopes. 

Along the eastern front of the mountains the Quaternary of Sulphur Spring 
Valley buries the slopes of the older rocks up to an average altitude of about 
4,600 feet. The boundary betweien the Quaternary of Espinal Plain and the 
southern front of the Mule Mountains attains a greater elevation but is so 
irregular as to render a general description difficult. Its average elevation may 
be roughly given, however, as about 5,250 feet, although in Escacado Canyon, 
northwest of Don Luis, characteristic Quaternary deposits extend to an elevation 
of 5,650 feet. 

Lltholog^. — Near the mountains the Quaternary deposits consist, as a rule, of 
rather coarse and imperfectly rounded stony detritus which has evidently been 
derived from the adjacent slopes and rarely exhibits distinct bedding. Along the 
western edge of Sulphur Spring Valley the fragments have been supplied chiefly 
from the harder sandstone beds of the Bisbee group. Along the northern 
border of the Espinal Plain fragments of Paleozoic limestone greatly preponderate 
over those of an}' other rock, and are often found to be superficially consolidated 
into a hard conglomerate through the addition of a white travertine-like cement. 
Such cemented material is frequently not unlike certain phases of the Glance 
conglomerate, but may be distinguished by its white travertine-like matrix as 
contrasted with the reddish tint characterizing the matrix of the older rock. 
The maximum depth to which this cementation extends is unknown, but it is 
certainly in many cases slight. Prospecting pits less than 6 feet in depth fre- 
quently pass through the cemented crust into comparatively soft and loose material. 
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This calcareous matrix belongs to the class of deposits known in Mexico and 
southern Arizona as caliche^ the general character of which has been recently 
described b}' Blako.^ His explanation that *'The formation is clearly the result 
of the upward capillary flow of calcareous water, induced by constant and rapid 
evaporation at the surface in a comparatively rainless region" is assented to. So 
far as seen, the deposition of caliche in the Bisbee quadrangle occurs only where 
the mountain slopes adjacent to the valley or plain are composed at least in part 
of limestones, and consequently where limestone detritus is abundant in the 
Quaternary accumulations. There is ample opportunity therefore for surficial 
waters to supply the calcareous material and to effect its deposition in a form 
that Blake aptly compares with the crusts of soluble salts, such as the "black 
alkali,'' which are familiar features of arid regions. 

As the Quaternary depasits are followed away from the mountains, they 
become less coarse and exhibit more or less irregular cross-bedded stratification. 
The well west of Naco, from which ^-ater is pumped by the Copper Queen 
Company to Bisbee, is 118 feet deep, and is apparently wholly in Quaternary 
material. For a distance of 100 feet from the surface this was so soft a« to need 
timbering. Apparently no record was kept of the exact nature of the material 
passed through, but the dump shows that it was principally a partly consolidated 
reddish sand containing occasional small pebbles. Similar soft sandy beds, con- 
taining fragile fresh-water shells of the genus Unio. have been encountered in a 
well at the new Copper Queen smelter near Douglas, in the middle of Sulphur 
Spring Valley. 

According to Mr. W. M. Adamson, superintendent of machinery at the 
reduction works, tlie material encountered in this well was as follows: 

Secthn of tce/f near D^mgla^^ Anz, 

Feet. 

8ar&u?e loam 15 

Sand and gravel, coDtaining abandant shelL» in its npper part, and affording 

120 gallons of water per minate 22 

Very white calcareous clay 15 

Compact red clay 75 

Sand, affording aboat 3 gallons of water per minnte 1 

Red clay 6 

Very hard red clay 1 

Red clay with considerable grit 36 

Water-bearing sand and gravel 6 

Total depth of well 177 

aBlAke, W. P.. The caliche of soothem ArLDooa: Timiu. Am. but. Xin. En^.. toI. SI. 19QS. pp. 220-231^ 
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At the above depth the well yielded 245 gallons of water per minute^ and as 
this was all that the pump could raise, sinking was stopped for the time being. 

A second well, sunk by the same comi>any near the one just described, had 
reached a depth of about 4<K> feet in April, 11X>3. According to Mr. W. G. 
McBride*" this well is all in unconsolidated material, chiefly sands, clays, and 
gravels. At 120 feet a good flow of water was tapped, and at 35^ feet the 
drill, after penetrating a bed of compact clay, entered a thin layer of water- 
bearing gravel. The water from this stratum rose to within 3 feet of the surface 
and still maintained that level at the date of Mr. McBride's letter. 

Origin. — The Quaternary deposits of the Bisbee quadrangle consist of the 
waste or ''wash-' shed from the Mule Mountains (and near Naco from the San 
Jose mountains also) into the surrounding valleys. Although they are undergoing 
some local dissection, they belong essentially to the present cycle of topographic 
development and are the work of streams similar in their mode of activity, and 
in some cases nearly coincident in position with those of the present day. No 
physical break has been detected in this region l>etween the early Quateriiary and 
the late Quaternary or Recent formations. Throughout the entire period the 
streams have been engaged in sculpturing the mountains and distributing the 
detritus over the valleys as fluviatile deposits, which range from coarse, imper- 
fectly rounded gravels near the mountain fronts to pebbh' sands and even fine silts 
near the vallej' axes. 

There is no known evidence indicating that any part of the Bisbee quad- 
rangle was covered by any considerable body of standing water during Quaternary 
time. But it seems highly probable that at least temporary lac'ustrine conditions 
obtained in portions of the broader valleys, such as San Pedro or Sulphur 
Spring. The presence of fresh-water shells in the Quaternary deposits beneath 
Douglas indicates the former presence of a lake, or at least of a perennial 
stream, in that quarter, neither of which could exist with the present scanty 
precipitation. It is probable therefore that the Quaternary has l>een marked by 
increasing aridity and that such dissection of its deposits as has taken place in 
the Bisbee region is an expression of that fact rather than of any differential 
changes of level. 

IGNEOUS ROCKS. 
GENERAL STATEMENT. 

The eruptive or igneous rocks of the Bisbee quadrangle are for the most 
part intrusions of granitic magma ranging in form from small dikes and sills to 
stocks of considerable size, and in texture from rhyolite and rhyolite-porphyry 
to granite. 
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In addition to these, are a few small dikes of monzonitic porphyry and 
occasional insignificant dikes of a decomposed greenish eruptive which was probably 
original!}^ diabase. 

GRANITE. 

Definition. — Granite is a wholly cr3'stalline, granular, eruptive rock consisting 
essentially of orthoclase (or some other member of the group of alkalic feld- 
spars), quartz, and usually muscovite, biotite, or amphibole, with small quantities 
of various accessory minerals such as apatite, zircon, and magnetite or ilmenite. 
Chemically, the rock may contain from 70 to 78 per cent of silica, 11 to 16 per 
cent of alumina, rarely more than 4 per cent of the iron oxides, usually less than 
1 per cent of magnesia, seldom over 8 per cent of lime, and commonly from 5 
to 8 per cent of alkalies, the potash usually preponderating over the soda. 

Occurrence and distribution. — The only granite found within the quadrangle 
is that composing the elongated intrusive stock which cuts the Pinal schist in the 
vicinity of Tombstone Canyon, northwest of Bisbee. The rock is well exposed 
both at Mule Pass and on Juniper Flat, and forms the bold cliffs overlooking 
from the northeast the road down Tombstone Can^'on. Within the quadrangle 
the stock has a length of about 5 miles, and proliably extends northwest for an 
additional mile or so beyond the northern boundary. Its width is at least 2 
miles, but the northeastern contact of the mass is partly concealed by overlapping 
Cretaceous beds. 

Petrography. — The granite of Juniper Flat and of the cliffs northeast of Tomb- 
stone Canyon has a typical granitic texture, and although sometimes exhibiting por- 
phyritic phases it is without marked peripheral or contact modifications. The aver- 
age diameter of the crystalline grains varies in different parts of the mass from 
about 7 millimeters in the coarser varieties down to a millimeter or less in those 
of finer texture. In color the rock is reddish gray, with a suggestion of pink when 
viewed in large masses. The minerals visible with the unaided eye in the coarser 
portions of the stock are a reddish-brown unstriated feldspar, quartz, a white feld- 
spar showing distinct poly synthetic twinning lamellie and a very little black mica in 
small flakes. 

The microscope shows that the brown feldspar is microperthitic orthoclase, 
crowded with the usual minute dust-like inclusions. This mineral, with quartz, a 
smaller amount of sodic oligoclase, and a little biotite form an allotriomorphic 
aggregate, making up the greater part of the rock. The accessory minerals are 
tourmaline, muscovite, apatite, zircon, and magnetite or ilmenite. Of these the 
tourmaline is of most interest. It occurs in nests of small prisms, the latter being 
frequently embedded in nmscovite, but penetrating also the quartz and orthoclase, 
showing that it is a primary constituent. The prisms show the characteristic strong 
absorption, rounded trigonal cross sections, and obtuse terminations characteristic of 
tourmaline. 
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A chemical analysis of the granite is given below in Column 1, while an analysis 
of a similar gi'anite from Norway is placed alongside in Column II, for comparison: 

Analyses of alkali granites^ granite-porphyry^ and rhyolite. 



I. 



II. 



III. 



IV. 



SiO, .. 

Al A . 
Fe,0,. 
FeO .. 
MgO.. 
CaO.. 
Na,0 . 
K,0 .. 
H,0~ 
H,0+ 
TiO,.. 
ZrO,.. 
CO,... 

PA-. 

F 

S 

MnO . 
Li,0.. 



75.86 

12.17 

.85 

.36 

None. 

.62 

3.60 

5.04 

.27 

.72 

.21 

Not det. 

None. 

Trace. 



None. 



99.70 



76.05 

11.68 

.34 

1.05 

.29 

.42 

3.79 

5.09 

1.36 '•< 

.05 
.42 I 



76.81 
10.96 


76.78 



1.18 




.08 





.14 






None. 

.26 

8.50 

.48 

1.17 

.13 

Not det. 

None. 

Trace. 



Trace. 

.30 

9.28 



Trace. 
Trace. 
Trace. 
Trace. 



None. 



100.54 



99.71 



I. Tourmaline- bearing alkali granite; intrusive stock in Pinal schist, 5 miles northwest of Bisbee, 
Ariz. George Steiger, analyst. 
II. Alkali granite; Dram men, Norway. Kosenbusch, Gesteinslehre, 1898, p. 78. 

III. Granite-porphyry; sill in Bolsa quartzite, 3i miles north of Naco Junction. George Steiger, analyst. 

IV. Rhyolite (aporhyolite); probable volcanic neck, 2J miles northeast of Naco Junction. George 

Steiger, analyst. 

As might be expected from the perthitie orthoelase and the presence of 
tourmaline, the rock is shown b}" the analysis to belong with the class of alkali 
granites, or, in accordance with a recent precise classification, to be a grano- 
liparose.^ 

By calculation, the chemical analysis affords the following: 

Per cent. 

Quartz 34.68 

Orthoelase molecule 29. 47 

Albite molecule 30. 39 

Anorthite molecule 2. 50 

Biotite, tourmaline, zircon, magnetite, etc 2.96 

100.00 
across, Iddlngs, Pinaon, and Washington, Quantitative Classification of Igneous Rocks, Chicago and London, 1908. 
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iIifros4*opical <leU'nnination-i indicate that tin* sodiiuii-c-alc-iiuii feldspar present 
in tlie rcK-k i.s oligot-la^io. having an approximate composition of 4 molecules of 
albite to 1 of anorthit«» (Ah, An,). The mineral comfx^ition of the granite may 
acconlingly l)e given as — 

Pfrcent- 
t^iiartz 34.68 

Mi<Ti>i¥.'rthiti«- «»rth«H-la.«e ((»r»Ah,.. 41.00 

Olijrr^la.^ Ah^Aii,! 21.36 

Biotite, touniialiiif . et<- 2. 96 

100.00 

The coarser phase of the granite, to whicli the fc»n*going description particularly 
applies is characteristic of the western i)ortion of the stock in the vicinity of Cox'S 
ranch. Finer-grained varieties, however, also iKX'ur, particularly on Juniper Flat 
and near the liasal ^>oundary of the Cretaceous l>eds. The evidence obtainable in the 
field indicated that the difference lietween these tine-grained facies and the coarsely 
crystalline type selected for chemical analysis was textural only. Microscopical 
study, however, shows that there is a mineralogical and chemical difference as well. 
The tine-grained pink granite from the northern part of Juniper Flat consists chiefly 
of quartz and orthoclase, with very little oligoc*lase, even less biotite, and as far as 
known, no tourmaline. The dominant minerals fonii an allotriomorj^)hic aggregate, 
with a tendency on the part of the quartz to poikilitically inclose the orthoclase. 
In mineralogical composition and texture, therefore, the rock belongs with those 
aplitic granites for which Spurr" has proposed the name alu^kite. 

In chemical composition, the tine-grained granite just described i*orrespond3 
more nearly than the coarser variety analysed to the granite-porphyries next to be 
considered, in which a simikir mineralogical association is also connected with a 
marked preponderance of the potash molecule over that of soda (see analysis I, p. 77). 
Although there can be little doubt of the essential unity of the Juniper Flat granitic 
stock, and although additional analyses would probably show close agreement as 
regards silica, alumina, iron oxides, lime, magnesia, and total alkalies, yet the mass 
evidently exhibits considerable variation as regartis the relative proportions of potash 
and soda, and it is accordingly unsafe to assume that the analysis given on page 77 
is representative of the intrusion as a whole. Theit* is good reason to suspect that 
the tourmaline-bearing granite analyzed contains less potash and more soda than the 
average rock of the stock. 

(; RANITE- PORPHYRY. 

Definition. — Granite-porphyry is a wholly crystalline eruptive rock having 
the same chemical and mineralogical composition as granite, but distinguished 

n Spurr. J. £.. ClaasiHoation of it^eouK rocks ac<x>rdiiig to cumpiwitlon: Xm. (n^ologirt, vol. 25, 1900, p. 280l 
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A PORPHYRY DIKES, ACCOMPANIED BY REVERSED FAULTS, CUTTING PALEOZOIC LIMESTONES. 

Southwest slope of Escabrosa Ridge, north of Moore Gulch. The Escabrosa limestone forms the cliffs in the background, while the Martir 
limestone underlies the steep slope below the thick basal bed ot the Escabrosa. The Abrigo limestone occupies the fore and middle 
ground 




H VIEW WESTWARD ALONG THE ABRlGO FAULT. 

The ravine in the foreground is eroded along the fault. On the right are Escabrosa and Martin limestones; on the left Naco limestone. The 
distant saddle is also determined by the fault which has there brought Bolsa quartzite on the right against Naco limestone on the left. 
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from the latter by a porphyritic instead of granular texture. That is, the quartz 
and feldspar occur as sharply bounded crystals or phenocTvste embedded in a 
distinctly finer-grained matrix or groundmass. This groundmass may be, and 
in the Bisbee quadrangle usually is, aphanitic, or so tine-grained as to show no 
crystalline texture to the imaided eye. 

The granite-porphyries are divided by no definite line from the rhyolite- 
porphyries and rhyolites in which the groimdmass is either originally obscurely 
cr3^ptocrystalline, or is in part a devitritied volcanic glass. Both of these textural 
modifications of the granitic magma occur within the Bisbee quadrangle, but as 
they are of the same general geological age and derived from the same magma, 
their separate mapping would serve no useful purpose, and the rhyolite is 
accordingly included with the predominant granite-porphyry. 

Occurrence and distribution, — Granite-porphyr}' occurs chiefly in the north- 
western part of the quadrangle in the form of dikes and irregular intrusive 
masses cutting all of the formations from the Pinal schist to the Naco limestone, 
and less commonly as small sills intercalated between the beds of Bolsa quartzite. 
The rock is readily recognized b}^ its usual pinkish or occasional buff tint, by its 
speckled appearance, due to the contrast of the poi'phyritic crystals of quartz and 
feldspar with the compact reddish groundmass, by its erratic occurrence within 
the limestones, quartzite, and schist, and by its clearly intrusive character. 

Numerous small dikes of granite-porphyry occur within the pre-Cambrian 
schists between Bisbee and Juniper Flat. For the most part these dikes have no 
observable connection with the granite mass of Juniper Flat. One of them, 
however, cuts the latter a third of a mile southeast of Mule Pass, and is 
accordingly younger than the granite. 

Similar dikes are found traversing the schists of Tombstone Canyon, on the 
southwest side of the granite stock, particularly near Brown's ranch in the extreme 
northwest corner of the quadrangle. While the relation of these dikes to the 
granite is not always clearly shown, they are in some cases undoubtedly direct 
offshoots from the latter, as may ])e well seen just north of Brown's ranch. 

It is on the southwestern slope of Escabrosa Kidge, however, that the granite- 
porphyry dikes attain their most interesting development. They have a general 
northwest-southeast trend and are most abundant within a belt about a mile in width, 
stretching northwestward from the vicinity of Don Luis to the western edge of the 
quadrangle. Within this zone, the dikes, ranging in width from afoot to half a 
mile, branch and cross, forming an intrusive network of great complexity-. (PI. 
XVIII, A,) Many of the broader intrusions shown on the geological map (PI. I) 
are so crowded with masses of schist, quartzite, or limestone as to be in reality com- 
plexes of many dikes, for which simplified representation is demanded by the scale 
of the map. 
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A--* a rule, the dikes occupy fault fractures, along many of which it is evident 
that con!»iderable displacement took place before the fissure was finally sealed by the 
intrusion and riolidification of the granite-porphyry' magma. Such a dislocation is 
well shown about 2 miles south of Brown's ranch, near the edge of the quadrangle, 
where the Escabrosa limestone on the nortwest side of the main dike has been dropped 
500 feet below the base of the Bolsa quartzite on the northeast side of the dike-filled 
fissure, indicating a throw of more than 2,0<X) feet. Farther to the southeast the 
total throw has been distributed among the many branches composing the dike zone, 
but the aggregate displacement must be nearly or quite as great. These fissures are 
not always occupied by dikes for their whole lengths. It is not unconunon to find a 
dike becoming narrower and finally disappearing while the fault fissure can still be 
readily followed. An excellent example of this may be seen near the head of Abrigo 
Cluiyon (PI. I). 

Although some of the dikes on Escabrosa Ridge are nearly vertical, most of them 
dip steeply to the northeast. Consequently the displacement along their fissures 
corresponds in the greater number of cases to reversed faulting. This character- 
istic of the intrusion faulting is illustrated for two of the smaller dislocations by 
p;. XVU, A. 

Occasionally the dikes, as they passed upward from the Pinal schist into the 
Bolsa quartzite, took advantage of the bedding planes of the latter to expand in the 
form of irregular sills, as may ]>e seen in Bolsa Canyon and between Abrigo and 
Moore canyons. 

That the dikes of Escabrosa Ridge were not all intruded at precisely the same 
time is proved by a few instances in which one dike clearly cuts others. Rhyolitic 
dikes have been obsen'od cutting those of the more abundant granite-porphyry 
tvpe, while in other cases the re hit ion is rt^vei'sed. 

Although many of the granite-pori)liyry dikes exhibit no selvage modifications, 
others pass near their walls into rhyolitic fucios showing flow banding. 

One of the most important uiiihsoh of gninito-ix)rphyry, on account of its rela- 
tion to the ore bodies of the district, is that fonning Sici-amento Hill, just southeast 
of Bisbee. This is a stock, which, although of irregular outline, and partly con- 
cealed on the east by Cretaceous hedh," may he descrilnHl as about a mile in diameter. 
Like most of the i>orphyry intrusions of the (luudmngle it is closely related to a 
fault, but instead of following the Hhhxuv uh h mirrow dike, the magma has invaded 
the rocks on both sides of the fracture uimI formed a rudely cylindrical intrusive 
plug. On the northeast this plug or stock cuts the Pinal schist. On the southwest 
it cuts the Naco limestone and in all iirobulilllty alno the Kscabn>sa and older forma- 
tions at greater depths. 

a Recent prospecting with dUnion.l ami. •huw. iIihi iI.U |.o,,.l.i ry „m«, ^>uAmhh t^xteiutn for over 2,000 f«.t to the 
Boutheaht beneath Glance conglomerate. 
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A. DIKES IN SCHIST ON SOUTHWEST SLOPE OF ESCABROSA RIDGE. 




B. PROBABLE VOLCANIC NECK, 21 MILES NORTHEAST OF NACO JUNCTION. 
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A much smaller plug-like mass occurs 2i miles northeast of Xaco Junction, 
forming a little conical hill (PI. XVIII, i?), which, owing to its shape and to the 
contrast of its dark-brown color with the surrounding limestones, is a conspicuous 
feature as seen from Espinal Plain. The rock composing the upper pirt of this hill 
is of much darker hue than the usual granite-porphyry of the (quadrangle and has a 
pronounced vertical fluidal structure trending nearly north and south. It is more 
properly classed as a rhyolite or rhyolite-porphyry than a granite-i)orphyrv. On 
the north side of the hill, poorly exposed and partly concealed by a talus of massive 
rhyolite derived from the top of the hill, is a rhyolitic breccia, which has the general 
appearance of a volcanic agglomemte. I'nfortunately the relations of the rhyolite 
and breccia to each other and to the surrounding limestones are concealed, in this 
region of usually unrivaled exposures, b}' surficial detritus; but the form of the 
rhyolite mass, its vertical flow structure, and its association with an agglomerate- 
like rhyolitic breccia suggest that it is probabh' a small volcanic neck or plug 
through which rhyolitic lava ascended to a pre-Cretaceous surface. 

About a mile northeast of Naco Junction is a small mass of white rhyolite 
intrusive in Naco limestone. The rock is remarkable for a very regular and 
pronounced flow banding, which stands nearly vertical and trends with the longer 
axis of the intrusion. This lamination is so pronounced as to give the eruptive 
rock much the appeamncc of a white schist or shale. 

Petrography, — The granite-porphyr3% as it occurs in most of the dikes of Esca- 
brosa Ridge, is a pinkish or reddish rock, having a decidedly speckled appearance, 
which usualU" serves to distinguish it at a glance from the other rocks of the 
quadi-angle. It contains corroded or idiomoiphic phenocrj^sts of quartz up to a 
centimeter in diameter and generally smaller or less conspicuous phenocrysts of 
flesh-tinted orthoclase, embedded in a reddish groundmass that is nearly or quite 
aphanitic. Biotite in small scales is sometimes present, but as a rule quailz and 
orthoclase are the onl}* minerals recognizable by the unaided e^-e. 

There can be little doubt but that the reddish color of the |X)rphyry, although 
characteristic of the freshest rock obtainable at the surface, is a result of incipient 
weathering and the formation of ferric oxide, for specimens obtained from deep 
mine-workings, away from oxidizing or mineralizing action, are light gray or pale 
green. 

Under the microscope the dominant phenocrysts are found to be quartz, showing 
the usual embayed outlines, and orthoclase often rendered semi-opaque by minute 
ferritic inclusions. Much less abundant are crystals of sodic oligoclase, usualh^ more 
or less altered to kaolin, and an occasional scale of bleached biotite. In the more 
coarsely crystalline rock of the larger dikes, the groundmass shows both micro- 
granitic and micropegmatitic textures. The micropegmatite usually envelops the 
619— No. 21—04 6 
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pbenocryst8 and 18 commonly divided into somewhat irregular radial segments of 
different optical orientation. At a distance from the phenocrysts the groundmass 
U made up of qoartz, orthoclarie, anfl muscovite in a fine microgranitic aggregate. 
In the le88 coar8ely crystalline rocks of small dikes and near the walls of the larger 
dikes the groundmass is often a minutely and rather obscurely crystalline aggregate 
of quartz and orthoclase in little micropegmatitic granules less than 0. 1 millimeter 
in diameter. Such porphyries are not to be sharply distinguished from those of 
rhyolitic habit, in which the minutely crystalline felsidc groundmass may have 
resulted from devitrification of a glassy base subsequent to the solidification of 
the rock (aporhyolites). 

A chemical analysis of a representative specimen of the granite-porphyry is 
given under III, on page 77. It will be seen that it differs from the analyzed speci- 
men of the Juniper' Flat granite in the great preponderance of potash over soda. 
In this respect it probably corresponds closely with the fine-grained granite described 
on page 78. 

By calculation the- following conventional composition is obtained from the 
chemical analysis: 

Per cenL 

Quartz 42. 7S 

Orthoclase molecule 50. 04 

Albite molecule 2.10 

Hematite, magnetite, water, etc 5. 08 

100.00 
As no albite is visible in thin section under the microscope, the albite molecule 
is probably combined with the orthoclase molecule in the mineral orthoclase. The 
rock thus consists of 42.78 per cent of quartz and 52.14 per cent of orthoclase, with 
1.65 per cent of water and 3.43 per cent of iron oxides, zircon, and indeterminable 
accessory minerals. 

The rock with conspicuous flow banding, forming the little hill (PI. XVIII, B) 
2i miles northeast of Naco Junction, shows in hand specimens minute phenocrysts of 
(|uartz and pink orthoclase in an aphanitic reddish-gray groundmass, within which 
may occasionally be seen little cavities lined with projecting crystals of quartz. 

Under the microscope the texture is found to be very similar to that of the 
finer-grained granite-porphyries. PhencKTvsts of quartz and orthoclase lie in a 
holocrystalline quartz-orthocla.se groundmass. The crystallization of this ground- 
mass is finely and obscurely granular, with patchy, shadowy extinctions between 
crossed nicols and occasional minute micropegmatitic intergrowths. It is such a 
texture as is known to result from the devitrifi<*ation of an originally partly glassy 
groundmass, and, in view of the pronounced fluxion structure of the rock mass, 
this origin seems suflSciently probable to justify the classification of the rock as a 
rhyolite (or, more strictly, aporhyolite) rather than a granite-porphyry. But, as 
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already pointed out, this distinction is unimportant in this region, where the rocks 
here called granite-porphyry are connected by direct tmnsitions with rhyolite- 
porphyry and rhyolite. 

A partial chemical analysis of the above-described rhyolite is given under IV, 
on page 77, and a comparison of this analysis with that of the granite-porphyry 
under III shows that both are products of the same magma. 

The small intrusive mass a mile northeast of Naco Junction, already referred 
to, is a devitrified rhyolite in which the original flow structure, as seen under the 
microscope, has not been wholly obliterated by the subsequent crystallization of the 
glassy groundmass. 

The important intrusive mass of Sacramento Hill was probably originally a 
granite-porphyry of the type common along Escabrosa Ridge; but it has been 
greatly altered in a manner that will be described when the mineralization of the 
region is discussed. 

CONTACT METAMORPHISM. 

If we disregard for the present the ore bodies and their possible relation to 
contact metamorphism, the effect of the intrusion of the granite-porphyry into the 
limestones has not been conspicuous, and in the case of many of the smaller dikes is 
inappreciable. In Uncle Sam Gulch, just above the old mine of the same name, 
the Naco limestone is cut by an irregular dike of granite-poi*phyry. The contact 
between the two rocks is well exposed in a prospect pit and the limestone preserves 
its usual color and compact texture up to the actual junction with the intrusive 
rock. In other words, it exhibits no apparent metamorphism to the naked eye. A 
thin section of the limestone at the contact shows, however, that it is nearly 
one-third altered into a granular aggregate of quartz forming an irregular web 
inclosing residual kernels of calcite. 

In the vicinity of Sacramento Hill, the only place where a large body of 
granite-porphyry comes in contact with the limestones, the latter show considerable 
alteration, which, however, is to a large extent shared by the porphyry itself. As 
seen in surface exposures, the principal change in the limestone has consisted 
in the replacement of the calcium carbonate by granular aggregates of quartz 
containing chlorite and pyrite. The chlorite tends to form little ellipsoidal nests, 
and when the rock is exposed to the weather the chlorite is removed, the pyrite is 
oxidized, and the originally light-colored limestone becomes a rusty, cavernous, 
siliceous rock, looking superficially not unlike a weathered amygdaloidal lava. 
Rock of this character is abundant in the vicinity of the Gardner shaft and on the 
ridge extending from that shaft toward the ice factoiy (PI. I). 

The crest of this ridge corresponds roughly with the outer limit of the notably 
metamorphosed zone as visible on the surface. The boundary between altered and 
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unaltered limestone U. however, extremeiv irregutu- aini often indefinite. Certain 
ljed> retain nearly tbeir original texture and i-ompi'^ition fAose up to the porphyry, 
while others are obriou^iy altered for long dl^tani-e> from the intm>iire i-ontact. 

The Pinal ^-chL^t in the vicinity of the pi>rphyry of Sicrtmento Hill has lost 
iu <^hi»toa!e i?tructure and Ijecome a tine granular aggregate of quartz and sericite, 
containing abundant di^f^^minated pyrite. 

The porphyry itself exhibits throughout much of the n]a.*v^ a similar alteratioa, 
of which the extreme product, exemplified in the dump of the Copper King mine, 
y a fine granular aggregate of quartz, ?iericite, and pyrite. indistinguishable from 
certain altered forms of the schist. Lesf* altered pha&es^ reveal traces of the 
original porphyritic texture, but the micnx^ope shows that the qu..rtz pheno- 
cry.>ts have recrystallized as granular aggregates, and that the former feldspar 
phenocrysts are now mixtures of quartz and sericite. 

The nature of the metamorphic processes that have been active in the vicinity 
of the intrusive mass of Sacramento Hill will be considered! at greater length in 
the discussion of metasomatic pnx'esses connected with on? deposition. 

AGE OF THE GRAXmC IXTRUSIOXS. 

As the granite and granite-porphyry have supplied pebbles to the Glance 
conglomerate and nowhere cut the beds of the Bisbee group, they are evidently 
pre-Cretaceous. Many of the granite-porphyry dikes and the stock of Sacramento 
Hill are intrusive into the NaiH> limestone and are therefore clearly post-Carbon- 
iferous. Although the granitic stwk of Juniper Flat is in contact with no rocks 
younger than the pre-Cambrian Pinal schist, yet from the close connection of this 
granite with the granite-iK>rphyrY it is fair to conclude that all of the forms 
assumed by the granitic magma Ix^ong to one general period of intrusion, and are 
accordingly post -Carlx)nife reus and pn>-Cn^taceous, The period of eruptive activity, 
however, extended over a sufficient length of time to allow the solidilication of the 
granite, and of some of the granlte-iH^rphvry dikes, before they were cut by later 
intrusions of the same magma. 

OTHKH INTUrSlVK KOl^KS, 

At a few places within the tiuadranglo inrur small dikes of a gray porphyritic 
rock cutting the Cretaceous ImhIs, ami tlum>fon> younger tlian the granite-porphyry 
just described. The best ex|x>8od of tho^o dikes invurs at the Glance mine, cutting 
Glance conglomerate. It is less than 50 foot wivle and runs nearly north and south 
through the little saddle just south of tho mino. The dike is ix>mpi>>ed of a li^t- 
gray rock containing small plu>nwryHts of white foUlspar and of biotite, and 
superficially resembles a mica-iU(>rite-iH>rpl>j rv. The n\icixvH\>|x> shows i>henocrysts 
of oligoclase partly altered to cjilcitts of mnuo mineral (pvnvxene!) now altered 
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to aggregates of ealcite, quartz, liinonite, and other secondar}' products, and of 
biotite, all lying in a groundmass composed mainly of orthoclase which is crowded 
with minute inclusions and extinguishes in shadowy patches between crossed nicols. 
The rock is too much altered to repay thorough investigation, but is probabl}^ a 
monzonite-porphyry, approaching a s\'enite-porphyry in composition. 

A decomposed greenish intrusive is occasionally met with in small dikes in the 
Paleozoic rocks southwest of Bisbee. These masses are of no structural importance 
and too small to map. Thin sections show complete alteration to aggregates of 
chlorite, quartz, ealcite, sericite, and other secondary products, while such vestiges 
of original texture as remain suggest that the rocks were formerly fine-grained 
basalts or dolerites. 

GEOLOGICAL STRUCTURE. 
INTRODUCTORY STATEMENT. 

Up to this point the rocks of the quadrangle have been considered chiefly 
as objects of description. They have been divided into natural assemblages or 
groups, and these groups subdivided into geological units. Finally the present 
distribution, form, and litholog}" of each unit have been described, and some 
conclusions reached as to age and origin. 

All this, however, is preliminary. The rocks are merely the materials from 
which geological forces have fashioned a complex structure requiring further 
labor for its elucidation and comprehension. 

In the development of this rocky fabric, faulting, folding, and igneous intru- 
sion have cooperated, often so intimately that it becomes impossible to consider 
the part played by any one of these dynamic processes without at the same time 
referring to the others. The structure of the quadrangle, however, is preemi- 
nently characterized by faults, and to these some preliminary attention will now 
be given. 

FAULTS. 

DistrihHtion. — The visible faults of the Bisbee quadrangle are most abundant 
within an irregular northwest-southeast zone that lies between Bisbee and Don 
Luis. This belt of dislocation is partly bounded on the northeast by the great 
Dividend fault which passes under Dividend Flat in the town of Bisbee and 
brings the Paleozoic rocks on the southwest against pre-Cambrian schists on the 
northeast. The southwestern limit of the belt is similarly defined by another 
important dislocation which passes about 2i miles northeast of Naco Junction 
and may be called the Abrigo fault, since it is followed for a part of its course 
by the canyon of that name. Where it crosses the western boundary of the quad- 
rangle the faulted tract has a width of about 4 miles, while between Bisbee and 
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In the erosional expression of faulting in topography, on the other hand, the 
displacement is not directly recorded b\" differences in elevation of the present 
surface. The fault in the typical case has become a mere element of internal 
structure, introducing — just as do variations in the lithological character of beds, 
folds, and intrusive masses — factors of lithological diversitj^ which are neither 
overlooked nor exaggerated in the impartial work of erosion. The topographic 
accentuation or subordination of the fault bears no necessary relation to the amount 
or character of its displacement, but is the accurate expression of the importance 
of the dislocation as one of many factors in determining that heterogeneit}^ of 
material which, in most regions of erosion, is the essential condition of topographic 
variety. 

In the Bisbee quadrangle the topographic expression of most of the faults is 
of a mature erosional type, such as is well exemplified in the Dividend and Abrigo 
faults. 

When the Dividend dislocation occurred, the Pinal schist, near Bisbee, was 
surmounted by Paleozoic beds at least 5,000 feet in total thickness — the continuation 
of the strata now preserved in the downthrown block on the southwest side of the 
fault. Unless the movement along the fissure was so slow as not to outstrip 
denudation the now vanished beds were uplifted as a mountain ridge overlooking 
the downfaulted tract to the southwest. But these mountains have since succumbed 
to erosion, and the limestone hills of the depressed block look down over the 
upheaved and denuded schists upon which a few tiny remnants of Bolsa quartzite 
remain as witnesses of the former presence of the Paleozoic strata. 

The Abrigo fault, which brings the Naco limestone against the Bolsa quartzite 
on the western edge of the quadrangle, corresponds to a throw of at least 3,000 feet. 
But of this great actual deformation of an older topographic surface the present 
topography retains no trace. (PI. I.) 

Many other illustrations of the erosional expression of faults might be given 
from the tract of faulted Paleozoic rocks west of Bisbee, but individual citation is 
hardly necessary, since the total disappearance of the primitive topographic 
expression of the faults may be readily verified by reference to the geological map 
and structure sections. (PI. I.) 

As regards the faults cutting the Cretaceous beds northeast of Bisbee the case 
is not so patent. The principal dislocation is here effected by a nearly' vertical 
fissure which passes through the saddle at the head of Mexican Canyon and has 
elevated the beds on the southeast about 500 feet relative to those on the northwest. 
This fault is very evident to an observer looking up toward the head of Mexican 
Canyon from the conglomerate-filled basin north of Black Gap, since it interrupts 
the conspicuous white band of the Mural limestone (PI. IX, B)^ and, as this limestone 
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determines the outline of the ridge in this neighborhood, the displacement by the 
fault finds corresponding expression in the topography. 

This, then, taken by itself, is an example of one of those less evident cases 
already referred to, in which the expression of the fault ma}' at tirst sight be 
considered either as essentially primitive or as erosional. It is probable, however, 
that the Bisbee quadrangle has been considerably eroded since this faulting occurred 
and tliat the expression of the dislocation is erosional, owing its superficial resem- 
blance to the primitive type to the control maintained over erosion by the resist- 
ant beds of the Mural limestone. This view is confirmed when study is made of 
the opposed Gold Hill and (ilance overthrust faults (Pis. I and XXII), and it is 
seen that the relation of the present topography to the faults is such as to clearly 
demonstrate a subseijuent origin for the topograph}'. 

It may be concluded, then, that notwithstanding the present aridity of climate 
and the many points of geological resemblance l)etween this part of Arizona and the 
Great Basin, where the primitive tojxjgraphic expression of faults has been 
described by careful observers, no trace of such primitive relationship is extant in 
the Bisbee quadrangle. The faults of the latter region are probably mostly much 
older than those which have been appealed to in explanation of the main topographic 
features of the typical Basin Ranges. 

Looking a little more closely into the manner in which the faults of the Bisbee 
quadrangle have influenced erosion, we find considerable diversity, as is to be 
expected when the faults constitute but one factor in a complex process. As a rule, 
the structurally important faults are rather inconspicuous at the surface, considering 
the usual excellence of the roc*k exposures in this region. They rarely show any 
appreciable silicification and are not accompanied by the resistant siliceous breccias, 
which are so characteristic a feature of the faulting of the Globe quadrangle, where 
similar rocks are involved.'' Instead of outcropping more or less boldly above the 
surface, as in that region, the comparatively unindurated fault breccias of the Bisbee 
quadrangle are commonly elements of weakness, and as such, tend to find topo- 
graphic expression as saddles, ravines, or valleys. For example, the Dividend fault 
has determined in part the course of Mule Gulch. The Abrigo fault is taken 
advantage of by Abrigo Arroyo for a distance of about half a mile (Pis. I and 
XVII, B)^ and near the western edge of the quadrangle determines a saddle 
between quartzite hills on the north and limestone hills on the south. Black Ghip 
(PL XV, A) and the saddle of the head of Mexican Canyon owe their positions 
to the discovery by erosion of lines of weakness due to faulting. The course of 
the Gold Hill overthrust is marked by a curved line of ravines and saddles and 
by the straight open valley extending from Glance to Christianson's ranch. 



aRansome. F. L., Geology of the Globe copper district, Arizona: Prof. Paper U. 8. Geol. Sarvey No. 12, 1903. pp. 101-102. 
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A. DETAIL OF FAULTED STRUCTURE ON THE EAST SIDE OF ESCACADO CANYON. 

The cliffs are formed of Escabrosa limestone, overlain by Naco limestones. The slope below is underlain by Martin and Abrigo limestones, 
behmd which the Escabrosa has been dropped by faults along the base of the cliffs. In the foreground are knolls of Escabrosa limestone 
which has been faulted down against the Abrigo. 




FOLDED AND FAULTED ESCABROSA AND NACO LIMESTONES, AS SEEN FROM THE CREST OF ESCABROSA 
RIDGE. LOOKING WEST ACROSS THE HEAD OF ESCACADO CANYON. 



/^ 
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Along a few of the fault planes the rocks have been developed by erosion into 
cliffs, occasionally 300 or 400 feet in height, of which the best examples occur on 
the east side of Escacado Canyon, about li miles northwest of Don Luis (PI. XIX, ^1). 
These bold white cliffs, which are visible from any part of the broad Espinal Plain, 
are composed of Carboniferous limestones which have been slightly downfaulted 
against Devonian and Cambrian beds. 

Very frequently it is found that faults of much structural importance and with 
throws of several hundred feet have been impotent to impress their presence uY>on 
the topography, w^iose local development was, in such instances, controlled by other 
structural elements. 

As will be later shown, many fault fissures in the Bisbee quadrangle have been 
filled by dikes of gmnite-porphyry. So far as the dike persists, such a fault can be 
followed with comparative ease. Other faults in the Paleozoic rocks may be accu- 
i^ately traced for long distances by one who looks carefully for evidence of f mcturing 
and crushing and who has gained suflicient familiarity with the distinctive features 
of the local Paleozoic formations to recognize the particular abrupt lithological 
changes which are characteristic of faulted structure. But when the faults traverse 
the Carboniferous limestones, as they do southwest of Bisbee, their recognition 
demands close observation and patience. Even with good exposures it is not always 
possible in limestones to distinguish an important fault from an insignificant fissure — 
indeed, the brecciation, silicification, or mineralization may be far more pronounced 
in the case of the latter. In the Bisbee qurfdrangle the great thickness and uni- 
formity of the Naco limestone and the lithological identity of certain of its beds 
with those of the Escabrosa limestone make the working out of the faulted structure 
a laborious processs, entailing the unremitting collection of the never too abundant 
fossils in order to check, step by step, the structural interpretations b}^ the evidence 
of paleontology. 

The obscurity of many of the faults in the limestones is well illustrated by 
the structurally and economically important Czar fault (PI. Ill) which traverses 
the northwestern slope of Green Hill, sepamting the Naco limestone of the mass 
of the hill from the Escabrosa limestone of Hendricks Gulch. It has a throw 
of probably more than 500 feet and crosses a steep hillside upon which apparently 
every bed of limestone is exposed to view from the hotel in Bisbee. Yet so 
slightly does it affect the appearance of the bare, fume-swept hill that daily famil- 
iarity with the slope gives no hint of dislocation to one unaware of its existence. 

Trefids and dips. — The dominant faults of the Bisbee quadrangle have trends 
ranging from northwest to west-northwest. Such are the Dividend, Abrigo, and 
Gold Hill faults, the conspicuous dislocation near the Bisbee West mine (hereafter 
referred to as the Bisbee West fault), and most of the dike-filled faults along the 
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southwest face of Eseabrosa Ridge. Distinctly subordinate to the northwesterly 
fractures, but yet of much structural importance, are a number of faults with 
northeasterly strike. Some of the more prominent of these occur within an 
irregular zone of faulting stretching southwest from Bisbee, across Escacado 
Canyon and past the Bisbee West mine (PLs. I and II). One of the most interesting 
members of this belt of cross faults may be traced almost continuously from the 
vicinit}' of the quartzite quarry west of Bisbee to a point half a mile northwest 
of the Bisbee West mine — a distance of 2 miles (Pis. I, 11, and III). As there will 
be frequent occasion to refer to this important dislocation, it may conveniently 
be called the Quarry fault. On the northeast, the Quarry fault apparently ends 
at the Dividend fault, while on the southeast it may terminate at the Bisbee West 
fault, although a tongue of Quaternary wash unfortunately conceals the junction 
of the two fractures. As a rule, the northeast faults in the Escacado zone (see 
PI. II) are less persistent than the dominant northwest faults and frequently 
terminate at the latter. There are, however, several short northwest faults, which 
end against northeast faults, so that direction and persistency are not invariably 
related. 

A northeast fault of considerable economic importance traverses the northwest 
slope of Queen Hill (PI. Ill) and has been called the Czar fault. Others of similar- 
trend occur in Uncle Sam and Silver Bear gulches, and still another dislocates 
the Paleozoic formations at Black Gap. The faults cutting the Cretaceous beds 
northeast of Bisl>ee are also to be ctassed with those of northeast trend. 

In addition to the fissures of generally northwest or northeast trend, the 
quadrangle, as is to be expected, presents several examples of faults which do 
not conform to either of the princii>al directions. For example, Queen Hill is cut 
by a north-south fault, while a nearly east-west fault passes just south of the 
Cole shaft of the Lake Superior and Pittsburg mine (PI. III). Such dislocations 
are structurally very subordinate, and are a necessary accompaniment of the general 
Assuring of the quadrangle in two main directions. 

Character of diHliK^atiim, — Faults which are not vertit^al admit of a twofold 
classification based upon the relative movement of their walls. Those along which 
the hanging wall has slipped down (or the foot wall risen) are known as normal 
faults, while those in which the hanging wall has risen (or the foot wall gone 
down) are known as reversed, thrust, or oveithrust faults. 

In the case of vertical faults the foregoing distinction vanishes, and the more 
nearly a fault approaches the vertical position the more difiicult it may become 
to determine with surface exposures the character of the dislocation. 

R)th of the foregoing classes are represented in the Bisl)ee quadrangle. 
Faults of normal type ai'e clearly exemplified by the Abrigo fault, several of the 
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A. FAULT BETWEEN NACO LIMESTONE. ON LEFT. AND ESCABROSA LIMESTONE. ON RIGHT. 
Crest of Escabrosa Ridge west of Bisbee. The view is north, the canyon on the right being that extending from Bisbee up to Mule Pass. 




B. VIEW FROM ESCABROSA RIDGE ACROSS ESPINAL PLAIN TO THE SAN JOSE MOUNTAINS, IN MEXICO. 

In the foreground appear the faulted Paleozoic limestones near the nnouth of Escacado Canyon. In the middle-ground is the Bisbee West 
mine. On the right are the Naco Hills and beyond them is faintly visible the Cananea Range. 
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fissure^i along tne southwest slope of Escabrosa Ridge, particularly those not 
occupied by dikes, the Quarry fault, the Bisbee West fault, most of the faults 
in the vicinity of Escacado Canyon, most of those lying between Bisbee and Don 
Luis, and the faults in the Bisbee group northeast of Mule Gulch. 

Faults of the overthrust type are remarkably well shown in the southeastern 
part of the quadrangle, where limestones, ranging in age from Cambrian to the 
Carboniferous, have been thrust from opposite directions over the Cretaceous 
formations by the Gold Hill and Glance faults. These, as will be fully shown 
in the following pages, are typical examples of this always impressive form 
of dislocation, in which older rocks have been thrust for considerable distances 
up gently inclined planes of fracture until they conspicuously overlie very 
much younger beds. Other cases of overthrust occur in the vicinity of Abrigo 
Canyon, about a mile west of the Bisbee West mine. Here the Escabrosa 
limestone rests discordantly upon the Martin and Abrigo limestones with an 
undulating, but, on the whole, nearl}' horizontal contact, which is apparently the 
result of faulting. If so, it represents a slightly inclined overthrust of unknown 
extent and direction. 

The dike-seamed southwest face of Escabrosa Ridge presents several instances 
of reversed faults of a special kind. They are fissures now occupied by dikes of 
granite-porphyry, apparently intiiided during the faulting. Such contempora- 
neous faulting and intrusion may conveniently be referred to as intrusion 
faulting^ and the results of the action as intrusion faults. The best examples of 
this structure are to be found close to the western boundary of the quadrangle, 
about halfway between Moore Canyon and Brown's ranch, where two dikes may 
be seen cutting through the Abrigo, Martin, and Escabrosa limestones and 
displacing the beds of reversed throws of 75 and 150 feet (Pis. I and XVII, A). 
As most of the dikes along Escabrosa Ridge dip to the northeast, and as the 
general result of the faulting with which they are associated has been to depress 
the country on the southwest relatively to that on the northeast, the examples 
cited, although of very moderate throw, may be taken as typical of the intrusion 
faulting of the southwest slope of Escabrosa Ridge. 

There still remain those faults for the classification of which the obtainable 
data are insufficient. Of these the most important, and the only one that need 
here be mentioned, is the Dividend fault. In spite of the extensive underground 
work accomplished in its vicinity this fault is not well exposed, and the diree* 
tion of its dip is unknown. It is apparently nearly vertical, and as it is known 
that the southwest wall has gone down or the northeast wall up, the determina- 
tion of the particular class of faults to which it belongs is perhaps a merely 
academic matter. 
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As a rule, only the relative movement of faults can be ascertained. We can 
very rai'eW determine, for instance, in a given normal fault whether the hanging 
wall actually moved down or the foot wall reall}' moved up, or whether both walls 
moved in opposite directions. With this clearly undei-stood once for all, to avoid 
circumlocution, the hanging wall of a normal fault will usually be described in the 
following pages as dropped or downthrown and the hanging wall of a rev^ersed fault 
as upheaved or overthrust. 

Age, — The faults of the Bisbee quadrangle may be grouped as follows: (1) Those 
of i:x)3t-Pennsylvanian but pre-Cretaceous age, (2) those of post-Cretaceous but pre- 
Quatemary age, and (3) those which are post-Pennsylvanian and pre-Quaternary, 
but can not be assigned with certainty to either of the two preceding groups. 

To the first group belong the intrusion faults and the fissures so directly 
connected vrith these as to preclude the idea of difference in age. Such are the 
Dividend fault, the Quarry fault, the Bisbee West fault, and most of the faults on 
the southwest slope of Escabrosa Ridge. The nearly horizontal overthrust west of 
the Bisbee West mine probably belongs here, although there is reason to believe 
that it was formed a little earlier than the nearly vertical faults in its vicinity. 
The Black Grap fault certainly belongs in this group, as it dislocates the Penn- 
sylvanian Naco limestone, but not the unconformably overlying Cretaceous Glance 
conglomerate. 

To the second group are assignable the faults cutting the beds of the Bisbee 
group. Such are the nearly vertical faults northeast of Bisbee, several small 
displacements in Mule Gulch, southeast of town, the Gold Hill overthrust, with 
its associated complex minor faulting as manifested southeast of Gold Hill, and the 
Glance overthrust. Accompanying this post-Cretaceous faulting there was very 
likely some revival of movement along the Dividend and other faults whose 
initial displacements dates from pre-Cretaceous time. 

To the third group belong a few faults in the Paleozoic terrane southwest 
of Bisbee, which are not so clearly related to the granite-porphyry intrusions as 
to establish conclusively their pre-Cretaceous age. The most prominent example 
of these is the Abrigo fault. Although the age of these faults can not be directly 
ascertained, there is nevertheless strong probability that thej* are of the same 
age, at least so far as their initial displacemonti* are concerned, as the faults of 
the first group. Their geneml similarity, as regards trend, dip, and character of 
dislocation, to faults known to belong to this group, and their lack of relation with 
the known post-Cretaceous faults, affords a reasonable l)asis for considering that 
the faults placed in the first and thiixi groups are all post-Pennsylvanian and 
pre-Cretaceous in age, and that but two general i)eriods of faulting were concerned 
in the structure of the Bisbee quadmngle. 
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With this preliminary outline of the nature and expression of the principal 
dynamic process concerned in the structure of the quadrangle, we may pass at 
once to the consideration of the whole geological fabric, introducing into this gen- 
eral discussion such further details in connection with the faults and such reference 
to folds and igneous intrusions as may be required. 

GENERAL STRUCTURAL ANALYSIS. 

Dimaions of the quadrangle based upon struct tow — Clearness of treatment 
requires us for the present to strip from a somewhat complex structure those 
various details with which nature loves to embellish her handiwork, and to compress 
easentials into the artificial simplicity' of a diagram. In PI. II the quadrangle has 
been roughly divided into seveinil structural blocks or tracts. On the northeast 
and southwest are the broadl}- spread Quaternary deposits of Sulphur Spring Valley 
and Espinal Plain, effectually concealing the underlying rocks in these quarters. 
Between Bisbee and Sulphur Spring Valley and stretching from the top to the 
bottom of the diagram is the main Cretaceous ti^act^ occupied by the rocks of the 
Bisbee group — broad at the north, but constricted in the south by the Gold Hill 
and Glance overthrusts. Here blocks consisting in their lower part of Paleozoic 
strata, but bearing Cretaceous beds on their backs, have been thrust from nearly 
opposite directions through and over the Cretaceous beds toward each other. 

Extending from the northwest corner of the diagram past Bisbee is outlined an 
area of Pinal schist representing the largest exposure in the quadrangle of the 
ancient pre-Cambrian foundation of the region. It is shown as cut by the granite 
stock of Juniper Flat and by the smaller granite-j)orphyr}' stock of Sacramento 
Hill. The latter is indicated as being of later origin than the Dividend fault. South 
of the pre-Cambrian schist area is a triangular area of Paleozoic beds characterized 
by a gentle southwesterly dip. The relation of these beds to the schists north of 
them is that of unconformable deposition. The schists, the intrusive masses, and 
the triangular area of Paleozoic beds are all included in a single structural unit, 
which has t^een distinguished in the diagram (PI. II) as the Bisbee block. 

On the southwest the Bisbee block is separated diagrammatically by a simple 
line, representative of the complex zone of faults and dikes along Escabrosa. Ridge, 
from an area of Paleozoic rocks possessing a general southwesterly dip. This has 
been called the Escahrosa block and with reference to the Bisbee block is down- 
faulted. 

Southwest of the Escabrosa block, and separated from it by the Abrigo fault, 
is the Naco block of gently folded Pennsylvanian limestone. With reference to the 
block northeast of it, this mass represents a further important downthrow to the 
southwest. 
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The remaining area of Paleozoic rock.^ distinguished in the diagram is that 
designated the Copper Queen blocl'j lying south of the Dividend fault and extending 
eastward to the Gold Hill fault. Structurally this i$ a fragment of a syncline. 
Its relation to the Bisbee block is that of a downfaulted mass. Its relation to 
the Rscabrosa block is that of an upheaved mass. Its relation to the Gold Hill 
block Is that of the underlying mass over which the latter has been partly shoved. 

Companson of the diagram with the geological map (PI. I) at this stage of the 
discussion will not only aid in comprehension of the latter* but will give some 
idea of the intricate mass of structural detail which must now be adjusted to the 
bare framework of a diagrammatic conception. 

Bfsbee Uocl\ — ^The Bisbee block is bounded on the southwest and southeast by 
faults. On the northeast it is overlapped by the Cretaceous beds comprising the 
Bisbee group and on the northwest extends beyond the limits of the quadrangle. 
It consists fundamentally of crumpled crystalline schists (Pinal schist) partly over- 
lain by Paleozoic formations and cut by granitic intrusives. Structurally, it is the 
highest of the several simple blocks into which the quadrangle has been divided, all 
the others having been relatively downfaulted. It is thus the block which in the 
present stage of regional erosion best exhibits the crystalline pre-Pkleozoic founda- 
tion upon which the stratified rocks of the quadrangle have been laid. 

Of the pre-Paleozoic structure, which must once have belonged to the rocks now 
known as the Pinal schist, nothing is directly discoverable. The bedded sediments 
from which the schists were likely derived by metamorphism were probably much 
folded and perhaps considerably faulted; but metamorphic recrystallization has 
obliterated the direct rei'ord of these processes. The present lamination of the 
Pinal schist is on the whole nearly vertical and the dominant strike is a little north 
of east; but the dip and strike of this cleavage are very variable and the rock is 
too monotonously uniform to reveal, in so limited an area of exposure, any clue to 
the character of the pro-Paleozoic deformation. 

The granite mass of Juniiwr Flat and the smaller granite-porphyry body of 
Sacramento Hill, both of which arc imix>rtant structural elements of the Bisbee 
block, have the typically irregular fonns of intrusive stocks. The comparatively 
simple southwest boundary of the Juniper Flat vstock, with its approximate parallel- 
ism with the dommant dikes and faults of Kscabi*osa Ridge, indicate that the 
intrusion took place along a northwest-southeast fault or fault zone. The eWdent 
relation of the Sacramento Hill mass with the Dividend fault shows that here, too, 
intrusion was facilitated by faulting. Something moiv than simple faulting, how- 
ever, is necessary to explain the irregular invasion of the schists and Paleozoic rocks 
by the granitic magma. There is no evidence that the latter fusinl and assimilated 
the invaded rocks in the vicinity of the contact. It must, therefore, be concluded 
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or from faulting. If from the former, then it implies post-Devonian deforma- 
tion and erosion of such intensity as may fairly be considered incompatible with 
the apparent conformity that elsewhere in the quadrangle prevails between the 
Devonian and lower Carboniferous beds. The hypothesis of a fault is further 
supported by the noticeable and unusual brecciation of the superincumbent Esca- 
brosa beds in the immediate vicinity of Abrigo Canyon, and the development of 
much secondary chert along what appear to have been nearly horizontal planes 
of movement in the limestones above the supposed main fault. Although the 
contact between the Escabrosa limestone and the underlying Martin and Abrigo 
beds is usually concealed by a talus of limestone and cherty breccia, its 
inunediate vicinity is usually marked by indubitable evidence of disturbance 
and frequently by an abundance of silicified limestone breccia. The only point 
where the contact is clearly exposed is in the western angle of the little fault 
block, close to the Abrigo fault in that part of its course coincident with 
Abrigo Canyon. Here the shattered Escabrosa limestone may be seen resting 
discordantly above the Martin limestone and separated from the latter by a 
foot or more of breccia, consisting of limestone fragments in a triturated red- 
dish matrix. It is concluded from the foregoing evidence that the Escabrosa 
limestone in the vicinity of Abrigo Canyon has been thrust by a nearly hori- 
zontal fault over the Martin and Abrigo formations. This movement evidently 
(see PI. I) took place before the nearly vertical faults, now inclosing the block 
in which it is recorded, were formed. The continuation of this overthrust 
beyond the fault block, in which the observed phenomena connected with it are 
now isolated, has been removed by erosion or carried down by later faulting 
below the present surface. The direction and original extent of the overthrust 
are accordingly unknown. 

Naco Mock. — This unit, lying on the southwest or downthrown side of the 
Abrigo fault, is structurally the most simple of the divisions intx) which the 
quadrangle has been diagrammatical ly divided. Its exposed portion consists of 
Naco limestone cut by two small masses of rhyolite. The beds have the form 
of a gently arched anticline pitching at an angle of 10° or 15° to the north, but 
becoming nearly horizontal near the Abrigo fault. Upon this general anticline 
are superposed slight minor corrugations with various axial trends. The Abrigo 
fault, which bounds the block on the north, is a simple dislocation with a 
southerly dip of about 75°. The throw is normal and amounts to something 
over 2,000 feet. The fault is well exposed in Abrigo Canyon (PI. XVII, B)^ 
where it is associated with a breccia of crushed limestone. 

Copper Queeti hloch — Economically, this is by far the most important 
structural division of the quadrangle, as within it occur all of the productive 
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copper deposits known in the Mule Mountains. On the northeast it is bounded 
by the Dividend fault, the granite-porphyry 8toc*k of Sacramento Hill, and, 
surticially, by the overlapping Cretaceous beds of the Bisbee group. On the 
northwest it is cut off by the Quarry fault. On the southwest it is limited 
by the Bisbee West fault of the Escabrosa zone and is partly overlapped by 
Quaternary de{X)sits. On the southeatst it disappears beneath the Gold Hill 
o vert h rust. 

In its broader structural aspect the Copper Queen block is a fragment of 
a canoe-sha|)ed syncline with a nearly northwest-southeast axis, pitching to the 
southeast. The northwestern limb of this syncline, cut off by the Dividend 
fault and relatively upheaved, has been removed by pre-Cretaceous erosion. In 
the down-dropped Copper Queen block is preserved the northeastern end of the 
southwestern half of the original synclinal canoe. 

In this structure are represented all of the pre-Cretaceous rocks of the 
quadrangle. At the bottom is the Pinal schist bent downward into a basin by 
the forces which produced the syncline. Lining this basin is the Bolsa 
quartzite, and occupying it, in successive layers, are the Abrigo, Martin, 
I^abrosa, and Naco limestones, the latter filling up the central part of the 
depression to the present surface of erosion. Finally, the Sacramento Hill stock 
is an eruptive mass that has broken up through the schists and overlying 
Paleozoic beds on the line of the Dividend fault, which is nearly coincident with 
the synclinal axis. 

In spite of the complexity introduced by faulting, the syncline is distinctly 
recognizable in the accompanying geological maps (Pis. I and III). Extending 
southeastward from Bisbee, along the south side of Mule Gulch, is the area of 
Naco limestone forming the thick axial core. Inclosing this on the west and south 
are successive faulted bands which, beginning at the Dividend fault west of Bisbee 
and sweeping in a strong curve around the pitching end of the syncline toward 
Gold Hill, represent the outcrops of the Escabrosa, Martin, Abrigo, and Bolsa 
formations, conforming in general strike and dip to the synclinal structure. Lastly, 
in the southwest corner of the C/opper Queen block, about a mile and a half north- 
west of Don Luis, the fundamental Pinal schist is exposed in a few small fault 
blocks. 

When the Copper Queen block is more closely scrutinized it appears that the 
syncline constituting its dominant feature may be distinguished from a minor 
structural division of the main block occupying the triangular area including and 
lying west of Escacado Canyon and inclosed between the Quarry and Bisbee West 
faults. This area is characterized by many vertical or normal faults, some of which 
have throws of over 1,000 feet. It corresponds to a downthrown block with refer- 
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ence to the Bisbee block and to the synclinal part of the C!opper Queen block. 
Owing, however, to its internal faulted structure the amount of this relative down- 
throw is variable. It is slight in the southern part of the triangular area, where 
Cambrian and pre-Cambrian rocks prevail, but is very much greater in the 
northern part where Pennsylvanian limestone composes most of the surface. 
This minor structural division may be considered as a marginal portion of the 
Copper Queen block, from which it became detached and fault shattered in the 
general dislocation of the quadiungle at the close of the Carboniferous; or it may 
be regarded as one or more structural units of equivalent rank although inferior 
in size to the larger structural divisions recognized in the accompanying diagram 
(PI. U). 

Where faults are so numerous as in the Bisbee quadrangle, descriptive 
reference to each feature is out of the question. Although, owing to their 
important relation to economic problems, the dislocations of the Copper Queen 
sy ncline will be described somewhat fully, yet for many of the details of structure 
the geological maps and sections (PI. 1 and III) must be left to speak for 
themselves. The explanatory notes should be read with special reference to the 
geological map of the vicinity of Bisbee (PI. III). 

The greater part of Queen Hill, inchiding the summit and southeastern 
slope, is composed of beds of Naco limestone. Instead of dipping to the south- 
east, as they should were they strictly conformable to the general synclinal 
structure, these particular beds constitute a little local syncline with northwest- 
southeast axis, as may be seen upon viewing Queen Hill from the north or from 
the vicinity of Sacramento Hill (PL XXI, A), This structure, however, is very 
local, and passes by change of dip, in the vicinity of Uncle Sam Gulch, into that 
of the main syncline. North and west of Queen Hill are several faults that 
complicate the general structure of the Copper Queen s^^ncline. The lower part 
of Hendricks Gulch, including the old open cut of the Copper Queen mine, is in 
Escabrosa limestone. Instead, however, of passing conformably beneath the 
Naco limestone of Queen Hill, the Escabrosa is separated from the latter by the 
Czar fault. This dislocation has dropped the Naco limestone for a distance of 
over 500 feet so that it abuts against the Escabrosa limestone which stratigraph- 
ically belongs below it. The head of Hendricks Gulch is in a block of Naco 
limestone which has been faulted down into the Escabrosa. One of the faults 
bounding this block continues north-northeast to the Dividend fault near Castle 
Rock and effects a conspicuous displacement of the Escabrosa and Martin 
limestones. Between this north-northwest fracture and the Quarry fault are 
other important dislocations (PL III) which drop Martin and Escabrosa beds 
of the Copper Queen syncline against the stratigraphically lower Abrigo lime- 
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stooe. The gener&l effect of the?e faults i< to locally increase the sootheasterlr 
pitch of the niain <mclioe. 

The beds of Martin limestone, from which are carved the picture^sqae turrets 
of Castle Rock, in the western part of Bisbee. are apparently in their normal 
strati^raphic position beneath the Escabn>^a Ijeds of Hendricks Gulch, but the 
contact is not exposed and the two formations mar be separated br a faidt. 

In Uncle >am Gulch, south of Queen Hill, erosion has cut through the 
Xaco formation and exposed a triangular area of the underlying Escabroaa 
limestone in its normal stratigraphic position. Higher up the gulch, above the 
Uncle Sam mine, are two ^mall area< of Martin limestone, showing that eroeioD 
has in places cut through to the Devonian member of the synclioe. At the 
highest point on the ridge between Uncle .Sam Gulch and Escacmdo Canyon the 
Naeo limestone rests with southeasterly dip conformably upon the Escabrosa. 
There are many faults between this point and the hill north of the Whitetail 
mine, most of which drop the beds on their northwest sides and thus tend to 
diminish the southeasterly pitch of the Copper Queen syncline. It Is faudtingof 
this kind that has enabled erosion to expose the top of the Elscabrosa limestone 
in two small areas in Silver Bear Gulch. Had there been no faulting the dip of 
the beds would have i*arried the Escabrosa much deeper in this part of the 
syncline. 

In the vicinity of the Whitetail mine, the formations making up the syncline 
are exposed in fairly ivgular suci*ession from the Pinal schist on the southwest 
to the Naco liinostono that on the northeast forms the upper part of the 
triangular hill uiH)n which is ii InMich n\ark at an elevation of ^^> feet. On 
the southwt^st hIo|h^ of {\\\h hill tho NaiH> limestone lies in undisturbed conformity 
upon the R^tmbroMa, Hut thoiv Ims Uhmi faulting Itetween the latter and the 
Martin fornmtltHh Tho oxtirl imluiv ot tho movement is somewhat obi^rure. but 
the Kseabrosii fi»nuiUlon nooiiih io have slipixnl down along a surface of 
dislocation that i\owhoriMlo|miiH yroully tnnw the bediiing pbnes. A movement 
of similar kiiul Imn oorurroti Im^Inxim^u tho Martin ami the Abrigo limestones at 
the WhiU^tnil luino, 

North of Hon Luin, \\\ (ho Nloihit.v of tao Cole shaft of the Lake Superior and 
Pittsburg niiho, i\\\^ hviu'IIih^ In hmmII||»mI \\y a >fivup of faults of various trends, 
and a nornml iliHlnmUioM iirnliulily of ovor » thousHiul fwt thn>w occurs between 
Black (}apaiul tho imn-i (hniMyh \\hirh (ho iuIIismuI ruiw frvmi IVhi Luis lo Bisbee. 
Although this fault l^ onhn|ii('MMii«ilA M|i|mioht on tho s^mth >^ivle of the latter ridge, 
which it onwsos, \{h horthNNOftlwunl lom'iM* thiou^jh tho Naw liiuesloce is rather 
obscure, and it Im^ uol lioi»ii IiimimI lHt\iiiMl tho \\W\\\\ wheiv it U cvnered by the 
Quaternary doiuisitn. It hiu\ join mir. of Iho U\\\\\^ um)v|Hsl in the vicinicy of the 
Colo shaft, tho two ouiliny; mI Iho |iiimIIom k t \\\\ iho Ijunrvv aud IHvtvieiid faults. 
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A. GOLD HILL FROM THE NORTHWEST. SHOWING OVERTHRUST FAULT. 




B. GOLD HILL FROM THE SOUTH. SHOWING OVERTHRUST FAULT. 
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EsLst of the foregoing fault the beds comix)sing the Copper Queen Hyncline, 
with the exception of a moderate displacement at Black Grap, retain their normal 
synclinal structure up to the point where this structure disappears l^neath the Gold 
Hill overthrust. These beds do not exhibit the changes in strike and dip character- 
istic of the curved, pitching northwest bow of the sA'nclinal canoe, but constitute 
part of the straight side. 

Gold Hill blocl'. — This structural unit is bounded on the north and east by the 
Grold Hill overthrust fault. On the west it passes beneath Quaternary deposits and 
on the south extends into Mexico. Superticially it is composed for the most part of 
Cretaceous beds arched into an anticline with northwest-southeast axis. These 
beds lie upon a Paleozoic, and perhaps in places upon a pre-Paleozoic, foundation, 
which is exposed along the northeastern edge of the block. The block rests, at least 
in part, upon Cretaceous beds. It owes its position to faulting. The entire block 
has been thrust from the southwest up a genth' inclined undulating fault fracture 
for a distance that can not be accurateh^ determined, but is thought to be at least 2 
miles. 

Before the mechanics of the fault are discussed the evidence for its existence 
will be briefly presented. The contact between the Paleozoic rocks north and east 
of them is so related to the topography as to indicate that the older rocks overlie 
the younger rocks. A view of Gold Hill from the northwest (PL XXII, A) 
strongly reenforces this suggestion. A view of the hill from the southea.st (PL 
XXII, B) is scarcely less suggestive, and the same relation is apparent to one looking 
northwest from Glance station. Close examination confirms the unanimous sugges- 
tion of distant views and of the areal distribution of the rocks with reference to the 
topography. Wherever the contact between the Paleozoic and Cretaceous rocks is 
exposed the former are found to overlie the latter and to be separated from them 
by a zone of fracturing and brecciation. On the northwest side of Gold Hill a 
tunnel has been run from Gold Gulch into the hill. The tunnel is entirely in Glance 
conglomerate, and it^j face is apparently nearly vertically under the outcrop of the 
fault on the hillside above. The fault itself has not been reached, but the conglom- 
erate near the face of the tunnel is greatly sheared and crashed. The approximate 
line of the fault can be readily followed along the north slope of Gold Hill, where it 
has a rather steep dip to the south and is accompanied by much crushing and dii$- 
turbance of the underlying conglomerate and overlying Escabrosa and Naco lime- 
stones. In the saddle northeast of the hill the Glance conglomerate has been 
squeezed between the upthrust limestone and the mass of Cretaceous beds northeai^t 
of it into a closely compressed local anticline. On the southeast side of the hill the 
thrust fault is exposed in some prospects and exhibits a local southwesterly^ dip of 
5<> -. The Cretaceous beds upon which the overthrust Paleozoic rocks rest are much 
disturbed in the immediate vicinitv of the fault. Thev are crushed and sheared and 
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in some places metamorphosed to a much-crumpled, greenish sericitic schist, very 
similar in appearance to some of the A-asth' older Pinal schist. 

We may pass for the moment the very complicated comer just southeast of 
Gold Hill and continue to follow the course of the main overthrust. This swings 
through a saddle half a mile southwest of Black Knob and thence down past 
Glance station. While it. is not always clearly exposed, the tracing of its 
approximate course presents no diflSculty, owing to the signal discordance in 
lithology and structure of the rocks it separates and the visible signs of 
disturbance that accompany it. South of Glance the fault comes to the surface 
along the bottom of the open valley that extends southward past the Glance mine 
and is not very well exposed. The dip is to the southwest, as usual, but its 
amount is unknown. It is probably about 40^. It is noteworthy that throughout 
its course the Gold Hill fault actually outcrops with a somewhat steeper dip than 
might be expected from the general character of the overthrust It is probable 
that this dip becomes less beneath the mass of the block and that its steepness 
near the present exposures of the fault is local and due to causes that will be 
later pointed out. 

A return may now be made to the faults already referred to southeast of 
Gold Hill. Tho^o features are not well exposed as a whole, and the complicated 
structure to which they give rise ma^- be variously interpreted. The explanation 
most in harmony with the facts obtained in the course of a minute investigation 
of this particular area is briefly as follows : The offsetting of the Gold Hill 
overthrust and tin* cutting out of the Glance conglomerate southeast of Gold 
Hill are due to ii nearly eaHt-west normal fault with southerly dip. This fault is 
younger than the overthrunt. AI>out a mile southeast of Gold Hill is a little 
mass of Muml limeHtone incloHed by faults. It occurs with small fault blocks 
of the Martin an<l Morita fonnatlonH in the axis of the Cretaceous syncline where 
normally we should t^xpect to tind only Glance conglomerate. It apparently 
extends beneath the Martin linn^Ntoiie and is a imrt of the Gold Hill overthrust 
block. We are driven to rcmclutle that It was derivtHl from the overridden and 
buried southwest Ihnb of Mm Cri'taciMiu"^ anticrme and was formerly part of the 
beds in that linib corroH|MindiMg to tliimn now ex|H>sed in the northeast limb in 
the vicinity of Black Knob, If tlii^ antlclhii* was originally fairly symmetrical, 
this little block of Mural llniMrtloiio niUHt have \mH\ shoved by the Gold Hill 
overthrust for a distance of al Umt%\ "J inlh^Q frtmi the southwest. It thus affords 
an approximate measure of the ininiinuin aiiionnt of overthrust. 

The mechanical conditions under Hhirji ttiit Oold Hill overthrust was initiated 
can not be satisfactorily deterndiMJil. Sn tint Paleontolc wtmta are involved, the 
forces concerned were by i\n uiimntt ftin« rlii iai antl It U unsafe to eouclude that 
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A. THE GLANCE OVERTHRUST FAULT FROM THE SOUTH. 

The line of the fault is accentuated by a growth of bus»hes The nearly horizontal beds above the fault piano are Naco linnostone. The castorly 

ilippirvgr bods below the fault plane are Mural limestone. 




Ww|^^^^ 




B. BISBEE FROM THE SOUTHEAST, LOOKING UP MULE GULCH. 

The town lies in the canyon under the funnes of the smelter. Tne dark knob m the middle of tne picture is Sacramento Hill. To the left 

of it may be seen the Spray and Irisn Mag shafts. 
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the locus and character of the faulting were determined b^^ any preexisting struc- 
ture in the Cretaceous beds. The most that can be said is that the overthrust 
was effected by strong compression acting along northeast-southwest lines. There 
is reason to believe that the hanging wall of the fault has been thnist over the 
foot wall for a distance of at least 2 miles, but nothing can be learned of the 
antecedent structural conditions that determined the fracture. 

As movement along the fault continued, the Paleozoic rocks of the hanging 
wall were thrust forward and upward until the}" pressed against the Cretaceous 
beds northeast of Gold Hill, and squeezed the latter into a closely compressed 
anticline in the immediate vicinity of the fault. The effect of the thrust 
appears also to have been recorded, at a distance from the fault, in the change of 
strike and upturning of the Mural limestone near the Easter Sunday mine. It is 
probable that the overthrust Paleozoic beds never extended much farther to the 
northeast than the present outcrop of the fissure. The steep dip of the fault where 
actually exposed and the nature of the local folding and squeezing of the Cretaceous 
beds in its vicinity, are phenomena to be expected along the plowing front of a 
rigid overthrust mass rather than in those portions of the foot wall which have 
been greatly overridden. 

Glaiice block, — This is a well-defined overthrust mass that emerges from 
beneath the Quaternary deposits of Sulphur Spring Valley and rests upon the 
Mural limestone northeast of Glance station. The block consists of Naco lime- 
stone in nearly horizontal beds, unconformably overlain by Glance conglomerate. 
It has been thrust from the east over the Mural limestone by a fault that is 
parallel to the bedding of the latter. The outcrop of this fault-plane is marked 
by a slight topographic bench (PI. XXII 1, A) and the presence of a distinct fault 
breccia. The dip of the fault is about 25^ to the east. 

Owing to the covering of Quaternary deposits, the geological structure that 
gave rise to this dislocation and the horizontal extent of the overthrust can not 
be determined. It was evidently effected by forces operating along nearly east- 
west lines. It is likely that the Naco limestone of this block was originall}' 
thrust forward until it met the Naco beds of the Gold Hill block advancing from 
the southwest. The meeting of these resistant masses probably formed a compe- 
tent arch over the Morita beds of Black Knob and put a stop to the nearly 
opposite movements of the two overthrust blocks. 

Cretaceous tract, — This, the largest of the several areal units into which the 
quadrangle has been diagrammatically divided, is not, like the others, a definite 
structural block. 

On the north, it is an area within which the pre-Cretaceous structure is 
hidden by the overlying beds of the Bisbee group, with their gentle folds and 
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modemte normal faults. Its western boundary is here the sinuous eroded edge 
of the Glance conglomerate which rests with low northeasterly dip upon granite, 
schist, and limestone, and conceals the northeastern extensions of the Bisbee and 
Copper Queen blocks. Its eastern boundary is the similarly overlapping but less 
indented edge of the Quaternary deposits. 

On the south the Cretaceous tract appears as a narrow strip surficially 
constricted by the opposed Gold Hill and Glance overthrusts, and overlapped on 
the east by the Quaternary deposits of Sulphur Spring Valley. 

The outline of the tract is thus conditioned by erosion, by Quaternary 
overlap, and by low-angle overthrusts. Its internal structure has already been 
briefly described on pages 50 to 57. 

GEOLOGICAL HISTORY. 

The geological history of the Bisbee quadrangle is divisible into three grand 
eons — (1) that of pre-Cambrian sedimentation, deformation and metamorphism; 
(2) that of pre-Cambrian erosion, and (3) that embracing the Paleozoic, Mesozoic, 
and later eras. 

The dimmed and time-worn record of the oldest eon is found in the Pinal 
schist. It has been shown that this formation probably consisted originall}' of 
sediments. It follows that these were derived from still more ancient rocks 
and were deposited in a pre-Cambrian sea. Long before Cambrian time these 
sediments were altered to crumpled crystalline schists and were therefore pre- 
sumably deeply buried beneath other rocks, and intensely folded and compressed. 
As a result of such folding, they were probably elevated as an extensive moun- 
tain mass. 

During the second eon, which may not have been sharply marked off from 
the preceding one, this mountainous land was eroded. 

It perhaps underwent many vicissitudes during this interval, involving oscil- 
lations in level and accumulations of fresh sediments which were only to be 
again stripped away by erosion. All that is recorded, however, is a vast interv al 
of erosion during which mountains were brought low, and rocks bearing the 
the stamp of deep-seated motamorphic processes were exposed at the surface 
of a nearly level plain of erosion. 

With the opening of Cambrian time this plain sank beneath the sea. The 
waves, as the shore-line enroached upon the land, rounded the fragments, chiefly 
of vein quartz, that lay upon the subsiding land surface, added to them such 
coarse material as they produced by direct attack upon the schists, and spread 
the detritus evenly over the sea l>ottom as the basal conglomerate of the Bolsa 
quartzite. As the shore advanced inland the quartzite was deposited as sand 
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fonn the Martin limestone. That there was still a land mass rising above the 
Devonian sea at no great distance from the tract of deposition now under 
consideration is shown by the occasional occurrence of shales within the Martin 
formation. 

Walcotf has shown that in the Grand Canyon region there was an interval 
of erosion between the Devonian and the Carboniferous periods. The evidence 
available in the Bisbee quadrangle is not decisive on this point. The most that 
can be said is that there is apparent conformity between the ^lartin and Escabrosa 
limestones. The latter formation, coasisting chiefl}- of pure granular limestone 
made up very largely of the fragments of crinoids, records probably the deepest 
water that ever covered the Bisbee region. So far as known no land-derived 
sediments found their way into this part of the lower Carboniferous sea. 

The most careful examination of many excellent natural sections has failed to 
discover any evidence of unconformity between the Elscabrosa and Naco limestones. 
It is concluded that the deposition of limestone continued without any interruption 
from the Mississippian into the Pennsylvanian epoch. The depth of the water 
probably gradually decreased as a consequence of the steady accumulation of thou- 
sands of feet of calcareous material. It is probable, too, that there was a general 
elevation of the sea bottom or of a not very distant landmass, for fine terrigenous 
sediments are occasionally found intercalated between the Naco limestones as they 
are in the Martin formation. 

With the close of the Pennsylvanian epoch the long era of Paleozoic sedimen- 
tation, during which deposits had piled up to a thickness of over ojXH} feet, or, 
approximatel}', a mile, came to an end. Orogenic forces became dominant, and the 
region of the Bisbee quadrangle was elevated above sea level. To this elevation 
faulting, folding, and igneous intrusions all contributed. The beds appear to have 
been first rather gently folded bj' forces acting in northeast-southwest directions. 
There was some overthrust faulting, as shown by the sliding of the Elscabrosa 
over the Martin and Abrigo limestones in the vicinity of Abrigo Canyon. Thb 
was closely followed by the nearly vertical normal faults and the reversed intru- 
sion faults, which constitute the salient features of the pre-Cretaceous structure. 
The intrusion of the Juniper Flat and Sacramento Hill stocks accompanied or 
immediately followed this general faulting, which may have occurred in the Per- 
mian epoch of the Carboniferous poritxl. 

During Triassic and Jurassic time the mountainous i»ountry elevated by the 
post-Pennsylvanian deformation was suhjoctwl to eri>sion. If any sediments were 
deposited within the quadrangle during thoso jM^ritHls thoy were removed prior to 
the opening of the Cretaceous and have left no tmco of their former presence. 
Erosion had stripped most of the Paleozoic hiMls fnnw the elevated fault block 



a Walcott. C. D., Pre-Capboniferous strata lu the Omuil Cauyuii «f Ihu <N»lomaa, Arlwwa; Aia. Joar. ScL. 9d ser.. toL 
26. 1883. p. 488. 
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northeastorly tilting. wHich appears to have affected the whole of the Mule Moun- 
tain mass, may have resulted from a gentle anticlinal arching of the Cretaceous 
beds and their underlying Paleozoic and pre-Paleozoic basement. If so, the Mule 
Mountains are part of the northeastern limb of a broad anticline whose south- 
western limb must have extended over the region now occupied b}' the San Pedro 
Valley, and has been downfaulted or cut away by erosion. Another possible expla- 
nation is that the Mule Mountains constitute a tilted fault block whose weathered 
escarpment overlooks the downthrown tract of San Pedro Valley. The verifica- 
tion of either of these principal hypotheses involves, however, more than the 
study of a single quadrangle. From the fact that the Cretaceous beds of the 
Bisbee quadrangle exhibit minor northwest-southeast folds, the hypothesis that 
the post-Cretaceous northeasterly tilting is a result of a broad anticlinal structure 
is for the present, regarded as having the greater probability. 

As a result of this differential elevation, the beds of the Bisbee group stood 
highest in the southwestern part of the quadrangle. With the progress of erosion 
these upraised beds were fii-st carried away and more and more of the pre-CYe- 
taceous basement exposed, until at the present day the Cretaceous beds have 
been stripped from the greater part of the southwestern half of the quadrangiilar 
area. This denudation, however, has not gone on without interruption. At some 
stage during its progress occurred post-Cretaceous faulting of two distinct kinds — 
normal faults of moderate throw, exemplified by the Mexican (^nyon fault, and 
extensive overthrusts produced by forces operating along nearly east and west 
lines and resulting in the structure of the Gold Hill and Glance blocks. 

During late Cretaceous and Tertiary time the Bisbee quadrangle wm probably a 
land area undergoing erosion. No formations referable to these periods are known 
within the quadrangle. It is possible that some of the unconsolidated material pene- 
trated by deep wells in Sulphur Spring Valley may be Tertiary, but there is as yet 
no evidence justifying the separation of these deposits from the overlying Quater- 
nary accunmlations. 

The record of Quaternary tinu^ is one of uninterrupted erosion. During this 
period the present topogmphy was carved. Under the more humid conditions 
that probably prevailed during the Pleistocene eixK^h much of the material stripped 
from the Mule Mountairjs was carried down tx) the sea. But with the increasing 
desiccation of later Pleistoi^ene and n'cent turn the l)ulk of the detritus has accumu- 
lated in the neighboring Sulphur Spring and Sun Pedro valleys. 
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ORE DEPOSITS. 

GENERAL CHARACTER OF MINERALIZATION. 

The Bisbee quadrangle owes its economic importance exclusively to the occur- 
rence of oi-es of copper. The unimportant deposit of lead carbonate in Hendricks 
Gulch, which was the first discovery in the district, is still being worked in a small 
way, and the Easter Sunday mine has supplied a siliceous gold ore used in the 
Copper Queen smelter for converter lining. But these, so far as known, are the 
only instances in the quadrangle of ores commercialh' exploited for other metals 
than copper. In comparison with the copper deposits, the known occurrences of 
other ores are economicall}- insignificant. 

For a district that has produced nearly 400,000,000 pounds of copper the Bisbee 
quadrangle, in spite of the general bareness of its rocky slopes, exhibits little 
patent evidence of its mineral wealth. The porphyry mass of Sacramento Hill, 
and the schists that partly inclose it southeast of Bisbee, show considerable alceration 
and contain abundant disseminated pyrite, which b\' oxidation imparts a rusty stain 
to the rocks. But so far as known no deposits of value occur wholly within these 
discolored rocks. Some dark rusty masses, composed principally of limonite, 
outcrop along the Dividend fault in Bisbee. Similar ferruginous ledges occur in 
Hendricks Gulch, on Queen Hill, and in the limestones south of Bisbee. Experi- 
ence has shown that such limohitic croppings, although rarely containing appreciable 
quantities of copper-bearing minerals, are nevertheless frequently, although not 
invariably, associated with an underlying ore body. They mark loci of fracturing 
and mineralization in the limestone. They evidently result from the oxidation of 
pyrite, the less soluble iron oxide and some silica remaining near the surface, 
while such copper as was originally present has been carried down by percolating 
solutions and redeposited at lower levels. These bodies of limonite, when not too 
siliceous, are the best surfacre indications of ore that the district affords. Many of 
the most important ore bodies, on the other hand, would have remained undis- 
covered were surficial phenomena alone relied upon to suggest exploration. 

Although the rocks of the quadrangle are seamed with faults and dikes, 
none of the workable ore dej)osits occur as lodes or fissure veins. With a 
few exceptions they are irregular replacements of limestone. Originally pyritic, 
containing probably subordinate amounts of chalcopyrite, they owe their present 
value to secondary concentrations effected b}' processes of sulphide enrichment 
and oxidation. 

DISTRIBUTION OF THE ORES. 

The principal bodies of copper ore thus far exploited in the quadrangle 
are contained within an irregular area of approximatel}' a quarter of a square 
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mile in extent. This area be^ns on the north in the heart of the town of 
Bisbee and extends south for three quarters of a mile. It lies west and 
northwest of Sacramento Hill and for the most part between the Czar and 
Calumet and Arizona (Irish Mag) sliafts. (PI. XXIV, A.) Its general outline 
is indicated by the underground workings projected upon the geological map 
of the vicinity of Bisbee (PI. III). 

Outside of this limited area no large bodies of copper ore have yet been 
discovered, although more or less ore is known to occur in the Lowell, Uncle 
Sam, Whitetail, Wade Hampton, and other mines and prospects. The extent 
to which future development in these outlying properties is likely to increase 
the known area of important production will be discussed in another place. 

UNDERGROUND DEVELOPMENT. 

Prdimlnary 8t<itement, — ^The Bisbee quadrangle contains two lai*ge productive 
mines — the Copper Queen and the (Jalumet and Arizona. In addition to these are a 
few undeveloped mines that have produced comimmtivel}^ small quantities of good 
ore, and a number of prospects ranging from shallow pits to shafts several hundred 
feet deep connected with extensite systems of drifts. 

Copper Queen mine, — ^This comprises a maze of workings connecting with the 
surface through four working shafts and several other less-used openings. The 
area more or less thoroughly intersected by drifts and crosscuts covers nearly half a 
square mile, while the extreme vertical range of underground exploration is about 
950 feet. A general plan of the workings is shown in PI. XXV. They are practi- 
cally all in Carboniferous (Naco and Escabrosa) limestone. 

The ore at the only point where it was exposed at the surface was first worked 
by an open cut, which still yawns upon the hillside just above the Copper Queen 
store, and is conspicuous from the windows of the hotel in Bisbee. With the ne^d 
for deeper development the Queen incline was sunk just east of the open cut. From 
this incline, which reached a vertical depth of 280 feet, four levels were run, known 
as A level, B level, 300-Queen level, and 400-Queen level. With the exception of 
the lowest level, a very small part of these old workings is now accessible. 

As work proceeded and successive ore bodies were discovered to the southeast, 
vertical shafts wore put down and levels run appmximately 100 feet apart. The 
first of these shafts is the Czar, 440 feet deep, situated on the southwest edge of the 
town of Bisbee. The Czar levels are four in number, the second level, correspond- 
ing to the old 400-Queen level, being the most extensive. As may be seen from PL 
XXV, large bodies of ore have Ijeen stoped southwest of the Czar shaft. All of the 
important ore bodies so far discovered west of a meridian drawn through the Czar 
shaft have been above the third level. 



UNDEBGBOUND DEVELOPMENT. Ill 

The Holbrook shaft, 540 feet deep, is 1,100 feet south-southeast of the Czar 
shaft and gives direct access to five levels. The first Holbrook level is 27 feet lower 
than the first Czar level, connection being made through raises. The second, third, 
and fourth Holbrook levels are identical with the corresponding Czar levels, with 
which they are directly connected. The fifth Holbrook level is 1(K> feet below the 
deepest workings from the Czar shaft. Large bodies of ore have l>een stoped from 
the country southeast of the Holbrook shaft. With one exception (see PL XXV) 
these have all occurred above the fourth level. 

Nearly due south of the Holbrook, and 1,4(H) feet distant, is the Spray shaft, 
954 feet deep, equipped with a powerful modern hoist. The second, third, fourth, 
and fifth Spray levels are practically the same as the corresponding Holbrook 
levels with which the}' are directly connected. The sixth, seventh, and eighth 
levels, however, are deeper than any workings from the Holbrook and Czar 
shafts. The ore bodies so far developed in the Spray workings lie northeast of 
the shaft (see PI. XXV) and occur chiefly between the third and fifth levels. As 
the Spray is comparatively a new shaft, little work has yet been done below the 
fifth level, which certainly does not define the lower limit of the great ore Ixniies. 

The Gardner is a small shaft situated 1,440 feet east-southeast from the 
Spray shaft, and at the time of \nsit, when sinking was in progress, was about 
700 feet deep. Alternate levels only, the second, fourth, and sixth, have been 
run from the Gardner shaft. These connect directly with the corresponding 
Spray levels. The Gardner is essentially a prospecting shaft for the underground 
exploration of the country' lying east of the Spray and adjacent to the porphyry 
mass of Sacramento Hill. 

The Hayes is a smj>ll disused shaft, between the Holbrook and Spfay. The 
bulk of the ore, from 650 to 7iM) tons per day, is raised through the Spray, 
Holbrook, and Czar shafts, and at the time of visit, was smelted close to the latter 
in Bisbee. This arrangement, however, will be abandoned when the new reduction 
works at Douglaij are finished. Spurs of standard gage run from the main railway 
line to the Holbrook and Spray shafts and the ore from these shafts is brought 
to the smelter in trains of ore cars. 

The relative position of the various shafts and the general relation of the 
Copper Queen workings to their topographic and geological environment may be 
seen from the geological map of the vicinity of Bisbee (PL UI). 

Oiiuintt and Arlzfnui nun*:, — This mine, the underground development of which 
is chiefly -xithin the Viounds of the Irish Mag claim. Is operated through the Irish 
Mag shaft (PI. XXIV, B), situated ^¥^1^) feet south- southeast of the Spray shaft and 
about three-<iuarters of a mile in the same direction from Bi>ljee. The general 
relation of the Calumet and Arizona property to that of the Copper Queen Company 
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is shown in the aixx>mpjuiyinj;r claim niap of a portion of the Warren mining district. 
(PL XXVL)'' 

The Irish Mag shaft, Ix^un November, 1900, was about 1,2«X» feet deep at the 
time of visit. It was connected with four levels, run at depths of 750, S50, 950, 
and l,iVM> feot )^low the surfa«^, and a station was then being cut for the 1,150 level. 

For 7.V> feet the slmft was carried down, without drifting, through barren 
limestone. At this le\'el (PL XXVII^ si>me exploratory drifts were run and con- 
iKvtiim nuule with the air shaft near the northeast end of the Irish Mag claim. 
Very little ore ^Bi-as encountered, however, until the S50-foot level was reaidied. 
TTiis level is about ;$^^ feet lower than the sixth level of the Spray, with which 
there is connection through a raij^e in the northern comer of the Irish Mag claim. 
On the 85<^, 95*K and lAVWfoot lerels larg^ bodies of ore were discovered and 
partially block'cd out before active stoping w:as begun in November, 19it± The 
general disitribution of this ore is ixiughly indicated on the aceompanyii^ plan of 
the undergivHind workii^fs, (PI, XXVI L) As the* stoping had only ju^ begim at 
the time of visits it i?* impossible to show evea rude outlines of the ore bodies. 

The one from the OUumet and .Vrisona mine is all hoisted through the well- 
^tquipped Mag shaft and carried in steel cars to the companr's smelter near Douglas. 
By the einl of l^^ this pfauit was turning out about ^> tons of copper per day, with 
a sif^jle furnace runnii^^ on ore with an average tenor of a-boot 10 per cent, 

7>t/W7 ivii^4. -This property^ puivhas^ for half a million dollars by the O^^r 
Qtte«e« Oomi'Muiy in June^ 1^>1« is sitiiared a litde over a mile $)oath<^soQtheast of 
BisHe«(v. It is wvirked thrcHigh a vertical >^aift about l.ldi^ feet in defUh. A geoeral 
pbMi of the U¥>dergi\Hand wwting?; is shown in PI, XXVllL There ape zone main 
levels oo9ist5tiiig ohie^y of drifts rtinning about X, If ^ K. and S. If- W, from the 
^4«dtH and D«aiMStvi«K^ ci\^s^K^»ts. The }o«^«e<4 of the north drifts, about f^'« feec in 
W«igfh, is on the l,^V^vfoot levels and extends to a poizA under the bottom of the 
Irvine }»^ nonh Af the mine^ «^ about a third of the di<4amoe to the pcvphyiy mass 
ef Saf«iinenlw> HiJL T^ Wi^rkings are |Yrobably entareJy withiii Xaoo lime^ttooe^ 
which is cut by ^^«ne ^onall dikes of granite-porphy-rv. The drifts in genera] foQow 
the >tTike of the t«asteriy dipping beds, which are dij^turbcd hy d^ alot^ the 
l^e^i^^ planes and by >t7nke fa^alts. 

\o iw^virtant ore Si>dies haxv* >ieeiu enooqantei>«3 in the IjoweSl ahore IheiKKi^iMit 
level. Ofv w«c<Rrs. ht>w>ever^ on the l^<>*«vfoot and l,l(%^foot levek, hat has not Toet 
hewi 4eve^>ope(i by ^o|^t^. 

At the time <rf vt>A the Tuine was Tnaking ahont lT?ik.iXH» g&Dons of wster a dav, 
n>o$cly fToufi the l.l^Vi-foot leveJ. and at«rre ojperarions were dekved pending the 
arrh^al ^f j^^nnriqpKs. When these aw^ insiaiDed the Ijoweli mine will pky an iizQKittKzft 
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PLATE XXVI. 



NAMES OF CLAIMS REPRESENTED ON THE PLATE. 



1. Tunnel. 


44. Sunrise. 


2. Silver Queen. 


46. Sacramento. 


3. Bessie. 


46. Ophir. 


4. Red Hill. 


47. . 


5. Key to Situation. 


48. Stars and Stripes. 


6. Carolina. 


49. Sunnyside. 


7. Paragon. 


50. New York. 


8. McOinty. 


5L Ace of Spades. 


9. Wee Wee. 


52. Viiginia. 


10. Leviathan. 


58. Onnond. 


11. Henry Qeoxge. 


64. Waddell. 


12. Jack of Clubs. 


65. Baton Rouge, 


13. La Louisa. 


56. Oregon. 


14. YoTambien. 


57. Comet. 


15. Angel. 


58. Junction. 


16. Old Republican. 


59. Oklahoma. 


17. Washington. 


60. Cissard. 


18. . 


61. Well. 


19. Erie Cattle Claim. 


62. High Caid. 


20. Last Rose of Summer. 


63. New Era. 


21. Mountain Maid. 


64. Surplus^ 


22. Reindeer. 


65. I. X. L. 


28. Judeah. 


65a. Cochise. 


24 American. 


666. Ohio. 


25. Fashion. 


66. Antelope. 


26. Garfield. 


67. Wallace. 


27. Jessie. 


68. Baker. 


28. Yukon. 


69. A. K. 


29. Gold Bug. 


70. Keno. 


80. Gold Quartz. 


71. Mamie. 


31. Fraction. 


72. Aurora. 


32: Copper Rock and Gold 


73. Quarizlte Strip. 


Dust. 


74. Al Hassan. 


33. Bessemer. 


76. Ellen. 


84. Gold Rock. 


76. Webster. 


35. Nancy Hanks. 


77. Malvina. 


36. Sulphide. 


78. Copper Prince. 


37. Pajaro. 


79. Copper King. 


38. Copper Jack. 


80. Copper Queen. 


89. Rueker. 


81. Atlanta. 


40. Dividend. 


82. Hendricks. 


41. Hill. 


83. Copper Globe. 


42. Union. 


84. Belle Isle. 


43. Holbrook. 


86. Copper Crown. 
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86o. East Side. 

86. Baxter. 

87. Cave. 

88. Hayes. 

89. Surprise. 

90. Lookout. 

91. Neptune. 

92. Cogswell. 
98. Silver Spray. 

94. Harrison. 

95. Keystone. 

96. Gardner. 

97. Irish Mag. 

98. Howell. 

99. Mammoth. 

100. Triangle. 

101. Blackjack. 

102. Senator. 

103. Senator No. 2. 

104. Morning Star. 

105. Galena. 

106. Del Norte. 

107. Auburn. 

108. Del Mar. 

109. Hardscrabble 

110. Harrison. 

111. Des Moines. 

112. Bengal. 

113. Rathmoon. 

114. Oakland. 
116. Nellie. 
116. Hard Cash. 
117. . 

118. Top Gallant. 

119. St. Louis. 

120. Illinois. 

121. Sixteen to one. 

122. Combustion. 

123. Sampson Fraction. 

124. California. 
126. Copper Glance. 

126. Bryan. 

127. Contentment. 

128. Confidence. 



129. Comstock. 
180. Lulu. 

131. Martin. 

132. Bisbee. 

133. 



184. Truro. 
136. Alger. 

136. Dubuque. 

137. Gage. 

188. McKinley. 

189. Gap. 
140. Rhine. 

141. 



142. Twilight. 

143. Yakima. 

144. Black Prince. 
146. Backbone. 

146. Golden Gate. 

147. Sunrise. 

148. Uncle Sam. 

149. Cuprite. 

150. Brother Jonathan. 

151. Amazon. 

162. Copper Bullion. 

153. North Star. 

154. Wood-chopper. 

156. Tip-top. 

166. Copper Monarch. 

157. Silver Bear. 
168. Lucky Jack. 

159. Tack. 

160. Pride. 

161. Black Bear. 

162. Illawara. 
168. Buckeye. 
164. Gibraltar. 
166. Supplement. 

166. Annie. 

167. Disowned. 

168. Minnesota. 

169. Desplain. 
170. . 

171. Dallas. 

172. Bob and John. 
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178. . 

174. DanTille. 

175. Christmas '96. 

176. Alaska. 

177. Bucky O'Nefl. 

178. Arizona. 

179. Modoc. 

180. Mascot. 

181. . 

182. Jake. 
18S. Railway. 

184. Station. 

185. Don Francisco. 

186. Don Carlos. 

187. Contact. 

188. Sondan. 

189. Southwest. 

190. Copper Rock. 

191. Iron Prince. 

192. MominirStar. 
198. Leo. 

194. Roy. 

195. Wagner. 

196. Hope. 

197. Tamarack. 

198. Hattie Manchester 

199. Crown Point. 

200. Belle Flower. 

201. Ballarat. 

202. Summit 
208. Alhambm. 

204. Sunnyside. 

205. Tuscarora. 
206. . 

207. Granville. 

208. Election. 



210. Jessie Glencaim. 

211. Iron Cap. 

212. Magnet. 

213. Triangle. 

214. Atlas. 

215. John and James. 

216. John P. Jr. 

217. William A. 

218. Alabama. 

219. Alma. 

220. Alice. 

221. Agnes. 

222. Hamilton. 



223. Waterloo. 

224. Last Chance. 

225. Margaret. 

226. Sister. 

227. Morning Star. 

228. Libbie. 

229. Irene. 

230. Triangle. 

231. Alamo. 

232. North Star. 

233. Lawrence. 

234. California. 

235. Greely. 

236. StAnsgar. 

237. Osage. 

238. Mitchell. 

239. Haynes. 

240. Lubiens. 

241. Denton. 

242. Kite. 

243. Buck. 

244. Grandview No. 2. 
246. Grandview No. 1. 

246. Trotter. 
246a. Dewey. 

247. Bisbee. 

248. Chicago. 

249. Louisiana. 

250. B.C.DunlapNo.l. 

251. Kentucky. 

252. Georgia. 

253. Memphis. 

254. Cairo. 

255. Mohawk. 
255a. Bomite. 

256. Crescent. 

257. Broken Promise. 

258. Oden. 

259. Hillsborough. 

260. Extension. 

261. Smuggler. 

262. Sweepstakes. 

263. Whitetail Deer. 

264. Reaves. 

265. No. 4. 

266. Night Hawk. 

267. Allen. 

268. Superior. 

269. Crown King. 

270. Boreas. 



271. Space. 

272. Raven. 

273. Monarch. 

274. South Bisbee. 

275. Bay State. 

276. Delia Mack. 

277. Uncle Sam. 

278. South Pole. 

279. Magenta. 

280. Transatlantic. 

281. UUie. 

282. Alcatraz. 

283. Major. 

284. Wales. 

285. Rustler. 

286. Germany. 

287. Excelsior. 

288. Homestead. 

289. Leslie. 

290. Azurite. 

291. Nome City. 

292. Bisbee. 

293. Wolverine. 

294. Lake Superior Boy. 

295. Bonanza. 

296. Grant. 

297. Tombstone. 

298. Dawson City. 

299. Carpenter. 

300. Mona. 

301. Jones. 

302. Putnam. 
308. Appleby. 

304. Stacyville. 

305. Hilda. 
806. Margarita. 

307. Bonita. 

308. Alfreda. 

309. Cliff. 

310. B. C. Dunlap No. 2. 

311. Lovers' Leap No. 2. 

312. Lovers' Leap No. 1. 

313. Greene C. 

314. Bush. 

315. Thurdell. 

316. Lucky Loss. 

317. Colorado. 

318. Nebraska. 

319. Upoter. 

320. Scallawag. 



321. Monitor. 

322. Wade Hampton. 
323. . 

324. Skukum. 

325. Fredericksburg. 
826. Irish. 

327. Sepoy. 

328. Contractor. 

329. Yankee. 

330. Cactus. 

831. . 

332. MyrUe. 
883. Skaguay. 

834. Arthur. . 

835. Escanaba. 

886. West Bisbee No. 12. 

887. West BUbee No. 8. 
388. West Bisbee No. 4. 
889. West BUbee No. 3. 

840. West BUbee No. 7. 

841. Summit No. 8. 
342. Saddle No. 2. 

843. West Bisbee No. 2. 

344. West BUbee No. 6. 

345. West BUbee No. 10. 

346. Summit No. 2. 

847. Saddle No. 1. 

848. West BUbee No. 1. 

849. West BUbee No. 18. 

850. West BUbee No. 16. 

851. Summit No. 1. 

852. Orphan Boy No. 2. 
353. Orphan Boy. 

854. West BUbee No. 14. 
355. West BUbee No. 15. 

856. Augusta. 

857. Sunny Slope. 

858. Contact. 

859. Loyalty. 

860. Thordenshall. 

861. Family. 

862. Iron Mountain. 

363. Happy Home. 

364. Covert. 

865. Alexander. 

866. Don LuU. 
367. Emma. 
868. Elisa. 
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part in the exploration of the ground lying between the shaft and the porph^^ry of 
Sacmmento Hill to the noith and northeast. 

Copper King viine. — This is an abandoned prospect situated a little over half a 
mile southeast of Bisbee. The workings comprise a vertical shaft, supposed to be 
about 7o<) feet deep, and some short drifts. The dump consists of hard, light-gray 
quartzose material heavily impregnated with pyrite. The microscope shows that 
this material is composed chiefly of quartz in irregularly interlocking grains, with 
considerable sericite, pyrite, and a little zircon and rutile. It is a highly altered 
rock and, so far as revealed by its lithologic^il character, may have l^een originally 
either schist or poq^hyry. As the shaft is sunk in the center of the area of intrusive 
rock, the material is probably altered and mineralized porphyry. 

Calinnet nnd PhUhurg mine, — This property is situated about a mile and three- 
quarters southeast of Bisbee, near the road to Naco. At the time of visit it com- 
,prised a well-equipped vertical shaft 950 feet in depth. No drifting had yet Ijeen 
undertaken and no ore encountered. The shaft is entirely in solid Naco limestone 
with the exception of a small westerly-dipping dike of porphyry passed through 
about 600 feet below the surface. There are no superficial indications of ore and 
the shaft has l^een sunk with the expectation of finding in depth a contiuation of 
the ore-bearing ground that has proved so profitable in the Copper Queen mine. 

Lake Superior and PitUhurg mint, — This mine, still in the prospecting stage, 
comprises two unconnected sets of workings, from shafts half a mile apart. 

Number 2 shaft, sometimes called the Cole shaft, is situated about If miles 
south of Bisbee, and is al)out 1,000 feet in depth. From the 600-foot to the 
1,000-foot levels, exploratory^ drifts have been run at inter\'als of 100 feet, chiefly 
to the north and west of the shaft (see fig. 2). The country rock throughout is 
the Naco limestone, the beds striking north and south, and dipping east about 
30 . The TOO-foot level, after running north about 350 feet from the shaft, along 
the strike of the limestone, encountered an east- west fiasure with a northerly 
dip of 55^. This was followed west for about 200 feet and led into a mass of 
soft, ferruginous clay inclosed in hard limestone and containing some bunches of 
oxidized ore. This 'Medge matter" forms a lens over lOO feet in diameter, lying 
generally parallel with the beds of the inclosing limestone. A similar oxidized 
mass was encountered on the 800-foot level, about 120 feet west of the shaft. 
This lens, however, contained no ore. 

The No. 3 shaft is situated about half a mile nearly south of the Cole shaft and 
is 700 feet in depth. Drifts have been run north from the shaft on tlie 100-foot, 
130-foot, and 600-foot levels, the last being about 4()0 feet in length (see fig. 3). 
The workings are entirely within the Abrigo limestone, and are geologically lower 
than any other mine or deep prospect in the quadrangle. It is prolmble that the 
shaft, if continued, will reach the Bolsa quartzite at a depth of about 900 feet. The 
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beds strike nearly northwest and southeast and dip northeast at angles ran^n^ from 
36 to 45 degrees. 
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Fig. 2.— Plan of the underground workings <'onnected with shaft No. 2 of the Lake Superior and Pittsburg mine. 

As may be seen from PL III there are several faults in the vicinity of the No. 3 
shaft, some of which are well mineralized and carry chalcocite and malachite near 
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the surface. Underground developments, however, do not a.s yet throw much light 
upon the character of this mineralization in depth, sin^^e they are chiefly confined to 
fairly solid Abrigo limestone. 

WhiMaH //<////-. — The ^^^litetail (or Whitetail Deer) mine lies about If miles 
south of Bisbee, on the northern edge of Espinal Plain. It has produced a few 
hundred tons of good i^t)pper ore fnjni primitive and shallow workings on the 
contact between the Abrigo and Martin limestones. The mine has been idle for 



1 
^JT commp UNCLE sam ojhm 


/¥ 




rl 


/ 


1 Vn / 




III 








^^^^■fiwnaj SMATT 




^ 


to 


V'/ey^ ^^/30'kye/ ^g^600'fe^ \ 




c 




.O^^^SS^^^ ;^ 




1 



Fi«>. X— PUn of thf' an<1ei|rrimnd workiDg9 ct^nnei'U^l i»ilh ^lulft N«)l S i»f the Lake Superior -and PittrtNUir mine. 

years, but as it has recently l>een actjuired by the Copper Queen Company it is 
likely to be systematically explored in the near future. 

Undt! SiiiH mint, — This mine — situated in the gulch of the same name — lies 
five-eighths mile southwest of Bisl>ee. The developments comprise a tunnel and a 
shaft, but as no work has l>een done for several years both were inaccessible at the 
time of visit. The dump of the tunnel shows evidence of considerable minerali- 
zation, and the mine is said to have pnKhu*ed a little good copper ore. 
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*^rhlKt- The developfnenti* compri<*e a vertical shaft 2<>) feet in depth and two 
^brfft drifts*. Two narrow vein» are encountered, one in the :9cbist and the other 
hetwf'en the ac-hisit and a dike of granite-pr^rphyry. They are nearly vertical and 
their general strike i» from 10- to tH} ea^t of north. The maximum width of 
tlie veins i<^ IH incheit and they contain cupriferous pyrite with a little galena and 
<«phalerite. in a gan^e of quartz. The presence of native copper and cuprite 
wa^ reprirte^l by thone in charge of the work, and the ore was i^aid to carry as 
much as an ouni'e of gold, bnt there was no opportunity of confirming these 
Atatement». The i»;.'hists in the vicinity of the shaft show considerable fissuring 
and are traversed by narrow an&st^jmosing dikes of granite- porphyry and by veins 
of quartz. 

MINERALOGY OP THE ORES. 
ORE MINERALS. 

NATIVE METALH. 

Copper. — In the native state, this metal was not an uncommon constituent of 
the lower portions of the great oxidized ore liodies worked a few years ago in the 
Copper Queen mine. According to Dr. James Douglas,^ it was abundant just above 
the third level at the bottom of the great ore body southwest of the Czar shaft, 
occurring in masses, some of which weighed several hundred pounds. Native 
copper is now, however, rather rare in this mine. In the course of the present 
investigation the metal was observed as small particles in stope 38, just above the 
third level and about 750 feet northeast of the Holbrook shaft. The ore body 
at this point is a rich mass of chalcocite and pyrite enveloped in a soft white clay 
that is evidently derived from altered limestone, and is in part taken down as ore. 
The native copper occurs as small hackley particles in this clay, associated with 
occasional specks of cuprite and little streaks of chalcocite. Native copper occurs 
also in partly oxidized ore, containing residual bunches of chalcocite, in a rich 
stope (No. 4) between the fifth and sixth levels, about 400 feet east of the Spray 
shaft. In the Lowell mine it was observed on the 1,000-foot level in oxidized 
ore near pyrite, and on the 1,100-foot level, just north of the shaft, embedded in 
a ferruginous clay near a body of chalcocite ore which immediately overlies a 
mass of pyrite. 

At the present time native copper is found most abundantly in the Calumet and 
Arizona mine, particularly on the 950-foot and 1,050-foot levels. It is usually 
closely associated with, cuprite, and occurs as a rule in proximity to sulphide ores. 
On the 950-foot level, about 4(H) feet southeast of the shaft, the bulk of the ore of a 
large rich stope consists of crystalline cuprite lx)und together into a tough mass by 
an irregular web of native copper. With the cuprite and copper are associated 
some liinonitc and other earthy oxides and a little fibrous niiilai-hite, chiefly in vugs. 

a Duuglas, J., The Copper Queen mine, Artaona: Trans. Auj. Inst, Min. Eng., vol. "29. 1900. p. 51S. 
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On the • 1,050- foot level native copper is abundant as tough spongy aggregates 
of small crystals, sometimes encrusting chalcocite and sometimes enveloped in ferru- 
ginous clay or earthy oxide ores. It also occurs as thin layers along fissures in 
clayey, oxidized ground as small loose crystals, up to 2 or 3 millimeters in diameter, 
showing the usual modified cubes and octahedra embedded in a soft earthy mixture 
of cuprite, limonite, and kaolin. 

Gold, — This metal occurs free in the Easter Sunday mine, rather irregularly 
distributed through some beds of light-colored quartzitic sandstone belonging to the 
Morita fonnation. The bulk of the ore occurs in a bed about 4 feet thick dipping 
about 55^ to the north-northeast, but the mineralization is not entirely confined to 
this bed. The sandstone has been irregularly f luctured, probably during the post- 
Cretaceous folding, and the resulting small fissures have been filled with veinlets of 
quartz and calcite. No gold was seen at the time of visit, but it is said to be 
occasionally visible, usually in little calcite vugs stained with oxide of iron. It 
appears to have been introduced into the beds subsequent to the fracturing. 

Small quantities of placer gold have been obtained from the upper part of 
Gold Gulch. This gold has been derived from the Glance conglomerate, and 
concentrated in the sand and gravel of the present arroyo. It is not present in 
sufficient quantity to be of economic importance. 

8ULPHIDE8. 

Pyrite. — Although not, strictly speaking, an ore, pyrite is here included with 
the ore minerals on account of its intimate chemical, physical, and genetic relation- 
ship with them. It is the most abundant and ubiquitous sulphide in the district, 
and the one of which all the ore bodies, however varied may be their present 
constitution, originally in greater part consisted. 

In the form of small crystalline grains, disseminated through masses of altered 
rock, pyrite is abundant in the intrusive porphyry mass of Sacramento Hill and in 
the adjacent schists which partly inclose that mass on the east. Associated with 
the great bodies of copper ore disposed about the porph^^ry mass in the limestones 
south of Bisbee, pyrite occurs in large quantity. In the upper levels of the mines, 
where oxidation has been active, it is sometimes found in isolated masses inclosed in 
envelopes of chalcocite and oxidized ore. In the lower levels it forms extensive 
bodies, which pass somewhat gradualh^ into altered limestone, in which the pyrite 
occurs disseminated in small grains, usually of rather irregular outline, and in little 
bunches and stringers. Of these pyritic lx)dies only those portions that contain 
chalcopyrite or chalcocite have proved workable. 

With the object of gaining insight into the problem of the genesis of the ore 
bodies, the pyrite disseminated through the limestone has been studied with some 
care. Microscopical examination of thin sections shows that it^ occurrence is 
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nearly always associated with the development of .silicates in the limestone, particu- 
larly tremolite, diopside. garnet, and vesuvianite. In some cases the calcite has 
been entirely replaced by silii^ntes and pyrite, with asually more or less quartz. 
In other cases the silicates are lacking, and the limestone has been altered to a mass 
of quartz and p^-rite. The pyrite is contemporaneoas with and intergrown with 
these minerals, and to this fact is perhaps largely* due the general absence, in all 
but the smallest individuals, of that sharpness of crystallographic outline common 
in pyrite that has been introduced into rocks by processes subsequent to the 
development of their general texture and mineralogical composition: as, for 
example, the cubical crystals of pyrite disseminated through the slaty rocks in 
the vicinity of many of the Mother Lode veins in California. The essential con- 
temporaneity of the pyrite and the amphibole, pyroxene and other metamorphic 
minerals, is a ver^' important fact, and will be again referred to in discussing 
the genesis of the ores. 

Chalcopi/rite. — So far as observed in the Bisbee quadrangle, this mineral occurs 
only in massive form, never in distinct crystals. It is apparently confined to the 
limestones. Unlike the pyrite, it is rarely met with in a disseminated condition, but 
when present at all is likely to be accompanied by pyrite and to constitute fairly solid 
masses of ore. An excellent example of such an occurrence is found in the body 
of chalcopyrite ore on the seventh level of the Spray mine. Mr. Douglas,^ in his 
interesting account of the Copper Queen mine, refers to this mineral as dis^^minated 
with pyrite in fine grains through the rock. But of mineralized limestone collected 
in 1902, only two specimens — one from the third level, about 7<X) feet southeast of 
the Holbrook shaft, and one from the face of a new northeast crosscut on the 
sixth level, which at the time of visit was about 150 feet northeast of the Gard- 
ner shaft — show this mineral in disseminated form associated with pyrite, chlorite, 
and a little sphalerite. It undoubtedly occurs elsewhere in a similar state, but it is 
certainly not abundant throughout the mass of the pyritized limestone. As an ore- 
forming mineral, too, it is much loss common in the present workings than chalco- 
cite and the various oxidized ores. In addition to the occurrences just mentioned 
chalcopyrite was noted on the sixth level l>etween the Spray and Grardner shafts. 
Here a small body of siilphido oro had l)een taken out alongside the main drift. A 
little left adhering to the walls showed minute bunches and veinlets of chalcopyrite 
in a mass consisting chiefly of pyrite and chlorite. It is also reported in the old 
Dividend stope on the fourth h^vel of tho llolhrtuik mine. 

A little chalcopyrite occurs with cluilcocite and pyrite on the 1,100-foot level of 
the Lowell mine and is reported to havo Imhmi found in bunches within a mass of 
pyritic ore cut by the shaft at tills lovel. In tho C\ihunet and Arizona mine a 



aDouglM, J., The Copper queen mine, Art»uiiiii Tmim, Am. lunt. Mtu. Kug., vva< d)i, 190a pwSa. 
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little chalcopyrite with pynte was noted on the 1,050-foot level, and the mineral 
is said to have been met with in the shaft about 50 feet below this level. 

Sphalerite. — Sphalerite, or ziue blende, is of rare occurrence in the Bisbee 
quadrangle. In the course of the present investigation it was noted at two 
places only. One of these is near the Cogswell stope on the third level of 
the Holbrook mine, where it occurs in little specks with pyrite and chalcopyrite 
in silicified limestone. The other is in the sixth level of the Grardner mine, 
where, in a new crosscut northeast of the shaft, small particles of sphalerite 
are associated with pyrite in altered limestone. Sphalerite also occurs in small 
quantities with pyrite and galena at the Modern mine, just north of the quadrangle. 

Chalcocite. — This mineral, familiarh^ known as copper glance, or "glance/' 
is the most important sulphide occurring in the Bisbee quadrangle, since nearlv 
all of the bodies of workable sulphide ore owe their value to its presence. So 
far as observed, it occurs only in massive form, distinct crystals being nowhere 
seen. It is sometimes firn) and compact in texture, but is often rather soft and 
occasionally has almost a soot\^ character. 

In the Copper Queen group of mines chalcocite is found at various depths, 
but never far from oxidized ore. Its most characteristic place of occurrence is 
in the irregular zones of rich sulphide ore that usually intervene between masses 
of lean pyrite and oxidized ores containing cuprite, native copper, and carbonates. 

In the Copper Queen mine chalcocite was observed on the second level in 
the Cogswell (or '"Neptune") stope, about 700 feet southeast of the Holbrook 
shaft. The ore of this stope is a mixture of loosely cohering granular pyrite 
and chalcocite, the latter occurring in part as dark envelopes about the giuins 
of pyrite. The ore body is surrounded by a soft white clay which is speckled 
with pyrite and traversed by little veinlets of chalcocite. 

On the third level chalcocite was seen in stope 38, about 800 feet northeast 
of the Holbrook shaft. Here again the ore is a crumbling mixture of pyrite 
and chalcocite. The country rock, originally limestone, has been altered to a 
white clay-like material streaked with chalcocite and speckled with native copper. 

Similar chalcocite and pyrite ore was noted on the fourth level in the Old 
Dividend stope, northeast of the Holbrook shaft. Just above the same level, 
about 500 feet south of the Spray shaft, a stope has been opened on a mass of 
solid compact chalcocite, intimately mixed with a little bornite. The chalcocite 
immediately overlies ferruginous oxidized material. Close to the copper glance, 
and cut in the drift near the stope, is a body of pyrite, the individual granules 
of which are in part covered by a black coating of chalcocite. Development had 
not gone far enough at the time of visit to discover what connection, if any. 
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exists between this body of pyrite and the chalcocite ore body, or to show what 
overlies the latter. All of the ore is inclosed in altered mineralized limestone 
into which the pyritic mass passes b^^ insensible gradations. 

Some chalcocite occurs on the fifth level of the Copper Queen mine, but 
it was not seen >>elow this, in the deeper levels connected with the Spray shaft. 

By no means all of the occurrences of chalcocite in the Copper Queen uiine 
have been here recorded, but those mentioned are enough to indicate the general 
mode of its occurrence and distribution and to illustrate its characteristic associ- 
ation with masses of pyrite on the one hand and with oxidized ores on the other. 

In the Calumet and Arizona mine chalcocite is found associated with cuprite, 
limonite, malachite and brochantite (a basic sulphate of copper) in an ore body 
about 400 feet south of the shaft, on the 850-foot level. 

On the 950- foot level the ore in what is known as ''the big sulphide stope,'' 
about 650 feet east-northeast of the shaft, consists chiefly of pyrite with which is 
intimately associated dull cryptocrystalline chalcocite in the form of a thin 
coating on some of the pyrite grains. At one point in the stope the ore consists 
of pyrite and chalcocite in a hard quartzose gangue. The microscope shows that 
the sulphides are embedded in a matrix of granular quartz. The chalcocite is 
seen to occur as and envelope about nmny of the pyrite grains and to fill micro- 
scopic fissures in the latter. This ore body shows incipient oxidation at a height 
of about 15 feet above the level. 

Chalco<!iti5 in similar close association with pyrite is found also on the 1,050- 
foot level, particularly in a body of mixed sulphide and oxide ore about 300 feet 
east of the shaft, where the chalcocite occurs as irregular envelopes around 
residual masses of lean pyrite. Chalcocite, in the condition of a soft black 
powder, was noted also in the main drift on this level, 500 feet east of the shaft 

As a rule, on the 1,050-foot level, wherever the pyritic masses are soft and 
traversed by fissures, they constitute workable ore. The miners know that when 
their picks le^ive dark metallic marks the ore is good. Close examination of 
such ore always reveals the presence of chalcocite, and it is the shining streak of 
this mineral that gives the miner his rough but effective test. 

In the Ijowell mine, chalcocite occurs on the 1,000-foot level in a soft, black 
earthy form with jmrtly oxidized pyrite, and on the 1,100-foot level in a similar 
association. It is also found on the latter level in a more compact form, 
associated with pyrite, native copper, and malachite, and resting upon a body of 
lean pyrite cut by the shaft. 

Outside of the larger mines, chalcocite is found irregularly but widely 
distributed through the large area of Glance conglomerate stretching from Gold 
Hill southward to the international boundary. The mineral occurs in minute 
reticulating veinlets, often microscopic in size, and in little rounded bunches, 
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rarely over half an inch in diameter, usually inclosed within a thin envelope of 
malachite. The chalcocite is usually accompanied by the development of a 
secondary quartz in veinlets and small vugs. Both chalcocite and quailz have in 
part filled minute fissures in the conglomerate, but have also in part replaced 
some of the finer interstitial, calcareous matrix by which the pebbles are held 
together. 

The mass of conglomerate forming the hill just west of the Glance ' mine 
exhibit*^ well the scattered mineralization just described. The occurrence of this 
chalcocite in the Glance conglomerate has led to extensive prospecting which has 
not, however, revealed workable ore bodies. 

About 1,000 feet northwest of the No. 3 shaft of the Lake Superior and 
Pittsburg Company (PI. Ill) chalcocite, altering to malachite, occurs in a little 
vein in Martin limestone. This is the only observed instance in the quadrangle 
of the occurrence of the mineral in a fissure vein. 

CARBONATES, SILICATES, SULPHATES, AND OXIDES. 

Maluchite. — The familiar green basic carbonate of copper is found in greater 
or less quantity wherever copper ores are imdergoing oxidation. In the older 
workings of the Copper Queen mine this mineral was abundant, occurring in 
large and beautiful masses with azurite and calcite in limestone caverns. The 
walls of these caves were covered with velvety mass-green malachite, and sparkled 
with the blue crystals of azurite, while from the roofs hung translucent stalactitic 
draperies of calcite, delicately banded and tinted with the salts of copper. But the 
caves have been stripped of their treasures and either filled with waste or allowed 
to collapse. They are things of the past, and nmseum specimens, of which perhaps 
the finest collection is that in the American Museum of Natural History in New 
York, can but feebly suggest their former splendor. 

The malachite occurred in the form of mammillary incrustations, which, while 
often of considerable thickness, were of fibrous texture, and not adapted to the 
ornamental purposes to which the well-known Russian malachite has long been 
applied. Mr. Douglas says: 

"The malachite is never found in such large and compact masses as to make it 
commercially valuable for decorative purposes; besides, occurring generally in thin 
botryoidal masses, it is usually streaked with manganese, which detracts from its 
purity. Its most striking mode of occurrence is in geodes, which are lined with 
velvety crystals of the same mineral. These hollow spheres, the walls of which are 
composed of concentric layers, are rare, but when found, are usually in nests 
imbedded in soft, wet, ferruginous, or manganiferous clays, such as constitute the 
gangue, or ' ledge-matter' of nearly all the ore; and the}' occur at no great distance 
from a limestone wall or partition."" ^^ 

a Douglas, J., The Copper Queen mine: Trans. Am. Inst. Min. Eng., vol. 29, 1900, pp. 617-518. 
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is in turn enveloped in chrysocolla showing the usual optical behavior of that 
mineral, and the chrysocolla is succeeded by an outer shell of malachite. Some- 
times the chrysocolla as absent and the malachite directly envelops the olive- 
green substance. Whether the latter is actually chrysocolla, owing its apparent 
isotropy to the arrangement of its minute fibers, or whether, like melanochalcite, 
it is perhaps to be regarded as a distinct mineml, are questions which the material 
at hand does not suffice to answer. It is not improbable that there may be 
several obscure hydrous silicates or silico-carbonates of copper, which on account 
of intimate association and lack of distinct crystal form are commonly included 
with chrysocolla. 

Aurichdlcite, — This mineral, a basic carbonate of zinc and copper, has been 
reported from the Copper Queen mine,^ but none was seen in 1902. 

Brocharvtite. — ^This green, orthorhombic, basic sulphate of copper is not 
abundant in the Bisbee quadrangle, but has been noted in small amounts, often 
associated with malachite, for which it might be readily mistaken upon superficial 
examination. 

As a rule it is recognizable in the Bisbee ores only by the microscopical 
examination of thin sections. Its most characteristic occurrence is in the form of 
little nests and irregular veinlets in the cuprite of the Copper Queen and the Calu- 
met and Arizona mines. These nests and veinlets are aggregates showing a pale 
bluish-green tint by transmitted light, and composed of irregular granules with a 
decided tendency toward prismatic form. They exhibit a distinct cleavage, 
presumably that parallel to the brachypinacoid. The extinction is parallel to the 
cleavage, which also defines the direction of least elasticity. As the acute biset^trix 
of brochantite is perpendicular to the brachypinacoidal cleavage and the mineral 
is optically negative, the observed optical behavior is in accord with the character 
of that mineral. The double refraction is noticeably high, green of the first 
order predominating in sections of ordinary thickness. 

The double refraction of malachite, with which brochantite might be confused 
without optical or chemical investigation, is higher, but the interference colors 
are much less brilliant. In fact the introduction of the analyzing nicol often seems 
merely to dim the green tint of the mineral as seen by ordinary transmitted 
light. The interference tints of malachite are also accompanied by an indistinct 
shimmering appearance similar to that characteristic of calcite and other highly 
birefringent mineral carbonates. 

Brochantite is not sufficiently abundant to form an important constituent of 
the Bisbee ores, and its occurrence in the district has not been previously recorded. 
Its identification in the present instance might have presented greater difficulty 

a Dftna, System of Mineralogy, 6th ed., 1895, p. 296. 
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had not Mr. Lindgren kindly called my attention to its abundant occurrence in the 
Clifton-Morenci district and permitted me to examine some of his specimens. 

Cuprite. — ^The red oxide of copper Ls an abundant and important constituent 
of the Bisbee ore bodies. It occurs sometimes in an impure earthy condition 
mixed with limonite and femiginoas clays« sometimes in cr}^stalline masses asso- 
ciated with native copper. The latter occurrence is particularly characteristic of 
the deeper oxidized zones in the vicinity of chalcocite and other sul[^ides. 

In the present workings of the Copper Queen mine the bulk of the cuprite 
occurs in the earthy condition mixed with limonite, pure crystalline masses of 
any size being comparatively rare. In stope 27, in the southwestern part of the 
mine« jast above, the second levels distinctl}' crystalline cuprite was noted., asso- 
ciated with limonite, malachite, brochantite, melanochalcite, and a little quartz. 
At the time of visit this was the only place in the mine in which any quantity 
of the mineral was seen in other than the prevalent impure earth}" matter. 

In the Calumet and Arizona mine, however, new stopes had been opened in 
ore Ixxlies containing cuprite in large crystalline masses, asually associated with 
native copper, and in beautiful druses of ruby-red isometric crystals, usually in 
the form of simple cubes, or of cubes modified by the octahedron and dodecahe- 
dron. It is particularly abundant in the fine stope on the 950-foot level about 
650 feet northeast of the shaft, where it occurs in glittering bunches in the more 
earthy ore, penetrated by dendritic masses of bright metallic copper and spotted 
with little vugs of acicular malachite. It has been found also on the 850-foot 
level in irregular bunches surrounded by malanochalcite, chrysocoUa, malachite, 
and caleite. 

Tenorite. — The crystalline form of the black oxide of copper was not obser\'ed 
in the course of the present investigation. The earthy variet}', however, com- 
monly known as melaconite, occurs in some of the soft clayey ores, usually mixed 
with the black oxide of manganese in the form of a light sooty powder. Ore of this 
character containing about 5 per cent of copper was observed on the 1,000-foot level 
of the Lowell mine. In the Calumet and Arizona mine, about 30 feet above the 850- 
foot level there is a natural cavern in the limestone, whose damp walls are covered 
with a black moss-like botryoidal growth. This material is J^parently still being 
deposited, for the fragile stems of the dendritic efflorescence break off by their own 
Weight when they reach a length of over half an inch, and the fioor of the cavern is 
deeply covered with a fluffy carpet of this black material. Inspection of the walls 
shows that they are composed of alternating irregularly overlapping layers of the 
black efflorescence with druses of calcito. Chemical tests of the black material, 
made by Dr. W. F. Hillebrand, show that it is a mixture of the oxides of copper 
and manganese, probably melaconite and bog manganese, or wad. According to 
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Foreman J. G. Merrill, some of this mixture contains as much as 15 per cent of 
copper. 

Koenig^ in 1891 described some small black crystals from the Copper Queen 
mine, and concluded that the}^ were essentiall}' a mixture of cupric and cuprous 
oxides, and were tetragonal in crystal form. He considered that thej' represented a 
distinct mineral species, for which he proposed the nume para?nelacontte. It appears, 
howev^er, that more chemical and crystallographic work is necessary before para- 
melaconitc can take final rank as a species distinct from tenorite, the crystallographie 
symmetry of which is still in doubt. 

Footeite, — This mineral, a deep blue chlorhydrate of copper occurring in 
minute monoclinic prisms implanted with paramelaconite on limonite, was first 
described and named by Koenig,* from a specimen said to have come from the 
Copper Queen mine. Footcite is evidently a rare occurrence in the Bisbee mines 
and was not seen in 1902. • 

GANGUE MINERALS. 

Of the various minerals associated with the ores, calcite, in its r61e of principal 
constituent of the limestone in which the important ore bodies occur, is the most 
abundant. It is seldom, however, that the mineral forms so large a part of the 
altered limestone in the immediate vicinity of the ore as it does of the unchanged 
rock in which mineralization has not been active. As will presently be shown, it 
has been largely replaced in the process of mineralization by pyrite, amphibole, 
pyroxene, garnet, chlorite, quartz, vesuvianite, and other minerals. 

In the form of stalactites, often beautifully colored with salts of copper, and 
in showy crystalline masses, calcite was abundant in the bodies of oxidized ore 
worked in early days in the Copper Queen mine, and is still encountered to some 
extent within the oxidized zones. It is rarely, however, a conspicuous gangue 
minei^al in the ores now exploited. 

The imoxidized pyritic ores, particularly those too poor for working, are 
intimately as?<ociated with several minerals, chiefl}" silicates of calcium, magnesium, 
and aluminum in varying proportions, which so far as observed occur only in 
crystals of microscopic size. Their identification accordingly depends upon the 
microscopical investigation of thin sections. Of these minerals probabl}- the 
most common is the calcium-magnesium amphibole, tremolite, usually occurring 
in aggregates of minute i-adiating prisms, which under the microscope show the 
characteristic cross sections, cleavage, and optical properties of this mineral. 
Nearly or quite as abundant, and usually' accompanying the tremolite, is a colorless 
pyroxene in microscopic grains, usually less than a tenth of a millimeter in diameter, 

aKoenlg, O. A., On paramelaconite and the associated minerals: Proc. Philadelphia Acad. Nat. Sci., 1891, pp. 284-289. 
I»n)id., pp. 289-291. 
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altered limestone on the 950-foot level of the Calumet and Arizona mine, but vein 
quartz is exceptional m connection with the cupriferous ore bodies. The mineral, 
where it occurs at all, usually has the form of fine-grained aggregates that have 
replaced the calcium carbonate of the limestone or the feldspars of the granite- 
porphyry. Small amounts of quartz may usuall}' be found as a microscopic 
constituent associated with tremolite, diopside, garnet, and pyrite in the altered 
limestones of the locally prevalent t3-pe. Near the porphyry mass of Sacramento 
Hill quartz is more abundant than elsewhere. Much of the rock in the vicinity 
of the Gardner shaft, for example, originall}^ limestone, now consists essentially 
of a finely crystalline granular aggregate of quartz with varying amounts of 
pyrite and chlorite. The bottom of the shaft, at the time of visit, was in such 
material. Quartz of the same fine-grained granular character associated with 
pyrite, sericite, and kaolin, also makes up much of the altered and mineralized 
granite-porph3'ry of Sacramento Hill. 

On the 800-foot level of the Lx)well mine, the greater part of the west drift 
is in a mass of loosely coherent pulverulent silica, much of which, when dry, 
runs like sand. This material is associated with some yellow clay, a little decom- 
posed porphyry, and occasional bunches of oxidized ore. Embedded in the sandy 
material are occasional very irregular harder masses composed of finely granular 
quartz. These are cavernous and drusy on their peripheries and lie in the loose 
siliceous powder much like flints in chalk. The microscope shows that the pul- 
verulent silica is composed of grains which are neither rounded by attrition nor 
yet bounded b}- crystal planes. The}'^ are rough in outline, showing either that 
they have undergone corrosion, or formed part of a fine-grained aggregate from 
which some more soluble constituent has been removed. It is probable that this 
saccharoid quartz represents a zone of fissuring and brecciation in the limestone, 
along which some silicification took place. The calcium carbonate of the shattered, 
partly silicified limestone was then dissolved away, leaving the quartz in its 
present incoherent condition. 

Most of the soft, earthy oxidized ores mined in the Copper Qiieen and 
Calumet and Arizona mines are accompanied by, and more or less intimately 
mingled with, limonite and clays of various colors. The limonite sometimes 
occurs in stalactitic or botryoidal form, but in the present workings is more 
often earthy and mixed with ore or clay. 

The clay is sometimes white, sometimes pink or greenish-gray, but more 
often it is yellow or reddish from the presence of limonite. A snow-white waxy 
variety, beautifully diversified by little veinlets of light-green malachite, was col- 
lected on the second level of the Copper Queen mine, about 250 feet south of 
the Holbrook shaft, and subjected to chemical examination as representative of 
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the purest form in which these day-like secondary products occur. According 
to Dr. W. F. Hillebrand, the material contains no c*arlx)n dioxide and no magnesia. 
It suffers a loss of 22.8 per cent on ignition, and the residue consists chiefly of 
silica and alumina. It is thus probabh' nearly pure kaolinite, although too 
minutely crystalline to reveal any distinct structun^ under the microscope. This 
white kaolinite, which occurs in bunches and streaks in earthy limonite and ore, 
is usually associated with bright-red and pale-green varieties, the former owing 
its color to oxide of iron and the latter to some salt of copper. 

These clays, in varying purity, together with soft earth}' limonite, constitute 
the most abundant and characteristic gangue materials of the thoroughly oxidized 
ores. 

PARAGENESIS OF THE ORE AND QANQUE MINERALS. 

By paragenesis is meant the association of the various ore and gangue minerals, 
with special reference to the order and mode of their formation. It is not, however, 
implied in the definition that the minerals were formed in any rigid unalterable 
sequence, or that the development of any one mineml was a synchronous process in 
different ore bodies, or was peculiar to any particular division of geological time. 

Among the metallic sulphides of the Bisbee copper deposits pyrite was undoubt- 
edly one of the first to form. Whether small quantities of chalcopyrite and minute 
amounts of sphalerite were deposited at the same time as the primary pyrite is a 
moot question. Although some of the chalcopyrite is certainly later than the bulk 
of the pyrite, 3'et the contemporaneous formation with the latter of more or less 
disseminated chalcopyrite is bj' no means disproved or improbable. The association 
of most of the pyrite with amphibole, pyroxene, garnet, and vesuvianite is such as 
to demonstrate their essentially contemporaneous development in the limestone. To 
the same general epoch of mineralization belongs also the formation of most of the 
quartz and chlorite associated with the ores. In the development of the ore and 
gangue minerals there is thus distinguishable an early stage characterized by the 
practically simultaneous appearance of pyrite, tremolite, diopside, grossularite, 
vesuvianite, chlorite, quartz, and perhaps also of chalcopyrite and sphalerite. Both 
these last-named minemls are known to occur as primary ore constituents in other 
deposits in which the foregoing silicates are prominently developed, as, for example, 
at Cananea, about 40 miles southwest of Bisbee, and they are among those men- 
tioned by Lindgren ^ as characteristic of true contact ore deposits. 

That at least some of the chalcopyrite is of more recent origin than pyrite is 
shown by study of the chalcopyrite ore on the seventh level of the Spray mine. 
Microscopical examination of thin sections, from specimens taken from the periphery 
of the ore body, near the inclosing, altered and pyritized limestone, shows that the 



1 Lindgren, W., Character and genesia of certain contact dep«.lt»: Trans. Am. Inst. Min. Eng., vol. 81, 1902, p. 227 
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massive chalcopyrite frequently envelops ragged kernels of pyrite, and in at least 
two instances little microscopic vein lets of chalcopyrite were observed traversing 
these pyritic nuclei. It is necessary to conclude that this particular mass of chalco- 
pyrite >vas formed after the pyrite and probably in part b\^ alteration or replacement 
of the latter. 

On the sixth level, between the Spray and Gardner shaft, a small bunch of 
sulphide ore has been extracted from the side of the main drift. Remnants of 
this ore adhering to the walls show it to have consisted largely of pyrite in a 
chloritic gangue. Within this are little specks of chalcopyrite and perhaps some 
chalcocite in films on the p3^rite. But most significant in connection with the 
present discussion is the occurrence of chalcopyrite in little veinlets and lenses 
along shear planes in the mass of the ore. These shear planes were formed after 
the pyrite, since crystals of the latter mineral have been slickensided by the 
movement. The chalcopyrite in this case, also, is therefore younger than the 
pyrite with which it is associated. 

In the new northeast crosscut from the Gardner shaft, on the sixth level, 
some chalcopyrite occurs in altered limestone heavih^ impregnated with pyrite. 
The chalcopyrite, unlike the pyrite, is not disseminated generally through the 
rock, but occurs erratically distributed along zones of relatively easy fracture. 
Such a fracture surface may show an apparent abundance of chalcopyrite with a 
suggestion of identical crystallographic orientation over several square inches of 
area. If, however, the specimen be broken across at right angles to the surface 
showing most chalcopyrite, the latter is found to be a mere skin backed by 
pyrite and gangue. This relation strongly suggests, although it does not prove, 
that the chalcopyrite was formed later than the disseminated pyrite. 

Such sphalerite as was observed in the Bisbee quadrangle was always closely 
associated with chalcopyrite, and was probably formed at the same time as the 
latter mineral. 

Chalcocite is undoubtedly the most recently fomied of the sulphide minerals 
occurring in the Bisbee ore bodies. The evidence that in this district the important 
occurrences of chalcocite have resulted from the action upon other sulphides, chiefly 
pyrite, of solutions moving generally downward from the zone of oxidation, is 
conclusive. It will be enough in this place to consider the evidence from specimens 
and microscopical investigation, leaving the broader relations of occurrence for the 
section devoted to discussion of ore genesis. 

Such p3 ritic ore as contains enough copper to be workable occurs in crumbling 
masses of noticeably dark color as compared with the worthless pyrite. Close 
examination of such ore reveals the presence of chalcocite as envelopes about the 
grains of pyrite and as a sooty interstitial powder, which chemical tests show to 



134 GEOLOGY AND ORE DEPOSITS OF BISBEE QUADRANGLE, ARIZONA. 

be essentially cuprous sulphide. Such is much of the ore now worked in the 
Copper Queen mine southeast of the Holbrook shaft. This material is usually too 
incoherent for microscopical examination in thin section. Some of the harder and 
more compact forms of the mineral may, however, l)e so studied. A specimen of 
*• glance ore"' from the i»oO-foot level of the Calumet and Arizona mine when first 
examined seemed to consist chiefly of pyrite in a quartzose gangue. Closer exami- 
nation, however, revealed the presence of chalcocite, which observation wa.s con- 
firmed by blowpipe tests. A thin section of this ore, looked at under the microscope 
with incident light, shows that many of the pyrite grains are surrounded by a 
thin, dark coating of chalcocite. They are traversed moreover by a multitude of 
intersecting microscopic cracks which are filled with chalcocite. Little flecks of 
chalcopyrite also occur inclosed within the pyrite, but these were plainly formed 
l^efore the (^racking of the latter and are older than the chalcocite. The sulphides 
ar*^ im-losed in a hard gangue consisting of a fine-grained crystalline aggregate of 
fjwtrtz. It is of interest to note that either the solutions which transformed the 
IfyriUi f>eripherall3- into chalcocite were able to penetrate this apparently impenious 
j^fjgiie. or else the latter was formed after the chalcocite. The former is the more 
j/r</f#j4ble, solutions containing cupric sulphate verj- likely finding access to the 
yyr'iU' through microscopic fissures, and depositing chalcocite by a reaction which, 
4i«f^y/yrding to Dr. H. N. Stokes,** may be written in somewhat simplified form as 

r, Fi*H, i 14 CuSO^ -i 12 H,0 = 7 Cu^ -f 5 FeSO^ -^ 9 H^SO^ -f 3 H^^, 

fAA i*«t H,S^)j 1mm ng formed by oxidation of the sulphur of the pyrite. 

^Pl Mm' rnirieralH of the oxidized zone, cuprite and native copper are apparently 
^i4VM(^ f >f^ Uf*^\ Ui form from the sulphides, since they occur usually near the bottom 
v^ nu^ f^tu\\yAr0\ ore in proximity to the sulphides. The direct alteration of chalcocite 
iiiVv M$i'iff. t'4t\}\wt in exhibited by Hjx'cimens from the 1,050-foot level of the Cal- 
iHM^ i^4A Ariy^ff^n hiIihs TIioho show very irregular kernels of compact chalcocite 
*4^j*vW»>i/^ i^UU f* *|win|(y iiKKt'egiite of small s|>arkling crystals of native copper, 
^wx/vt.VA/P ^'^lU H llMb< imrihy cuprite. The copper is not strictly confined to the 
>.aV4JVa* ^/f M^ flmU'tu'Ut^ IdM'MelH, but iHMietrates the latter for varying distances, 
^y ^W ♦^^»»y# tmif f^u (nrh, In iln^ Umw of little vugs and indefinite stringers. 

/('..■ f ^^lU . fu^trihi Imm» foniinil junt uft4^r the native copper with which it is 
^fW^^^^/V/ ^^^^^inh^tii b«H 1 lin MM(Uohi»o is by no means always clearly shown. On 
W^' . fV'/r'^'V^ i^'^y^i ftf IIm* rjiliMiH^t and Arixona mine native copper occurs in 
|^>^Vfr<H^v*./ >'■ ^ ^ ^i^ihh^^ M*«4^<o bMiuHlfully liu»rusted with crystals of cuprite. The 
« 4^>»'^ M ./ .^vv^il/ Av^-T^.T //bviuMol.v thM ynungt»r mineral. On the 950-foot level, on 

>MI»hI itilUillUlllrMlU»li. 
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the other hand, the two minerals are found so intimately associated that it is diffi- 
cult to detennine which was the tirst to form. The copper constitutes a metallic 
mesh or sponge which is filled with cr3'stalline cuprite. Although some of the 
copper ma}' have formed slightl}' in advance of some of the cuprite, both min- 
erals were probabl}^ crystallizing at the same time. 

In the zone of oxidation, where many complex chemical reactions are constantly 
taking place, where the active solutions are continually varying in strength, and 
where the relative masses of the reacting elements or compounds are inconstant, it is 
not to be supposed that all of the material undergoes the same transformations in its 
alteration from sulphide to oxidized ore. Reactions are probably frequently reversed 
and repeated. Native copper may form from chalcocite, be oxidized to cuprite, and 
this again reduced to native copper by the action of dilute sulphate solutions. The 
most that can be hoped for in a study of paragenesis is to establish a general 
sequence of mineral formation in a given set of deposits without losing sight of 
the fact that to that sequence are many exceptions. 

Brochantite has been found only in close association with cuprite, and appears 
to have been formed shortly after that mineral. Melanochalcite and chrysocolla 
are also characteristic of the deeper portion of the oxidized zone. The sequence 
of formation, as shown in specimens from the Calumet and Arizona mine, was 
native copper, cuprite, brochantite, melanochalcite, chrysocolla, malachite, and 
calcite. 

In general the formation of limonite appears to have accompanied or closely 
followed that of cuprite and to have continued for sometime after, so that it is 
also intimately associated with the occurrence of malachite and azurite. 

The azurite, on the whole, belongs to a later stage of the general oxidation 
than the malachite. But there is much overlapping in the occurrence of these 
two carbonates. 

Tenorite is usuall}^ associated with wad or "lx)g manganese" in the upper 
part of the zone of oxidation. 

FORM AND GEOLOGICAL ENVIRONMENT OF THE ORE BODIES. 
GENERAL SHAPE AND DIMENSIONS. 

The Bisbee copper ores as exploited in the Copper Queen, Calumet and 
Arizona, and Lowell mines occur for the most part ver}' irregularly as large 
masses in the Escabrosa and Naco limestones. The horizontal dimensions of these 
ore bodies are usually much greater than the vertical. They are rudel}' tabular 
or lenticular in form, and lie generally' parallel to the bedding planes of the 
inclosing limestones. Definite walls are exceptional. As a rule, the oxidized ore 
passes gradually and irregularly on its peripheries into so-called ''ledge matter," 
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i^pfiHi^iny^ chiefly of soft limonitic cla>'8, which in turn ^rade into more or less 
mlUtrt^ lirueKtrine. The unoxidized sulphide ores may exhibit a peripheral 
trariHition either to oxidized ores or to metamorphosed limestone impregnated 
with pyrite. 

lender tlumt circumHtanceH the actual nhape of an ore body is variable, 
beirj^ def^endent upon the price of copper and the economic conditions of work- 
inj(. It IH fK>HMible, however, to gain a fairly definite idea of the size and 
form of typi<*al ore iKxiies by considering some of the older stopes, which while 
fUft exliaiisUed have yet run through the ore at so many points as to establish its 
general contour. 

In n. XXIX are shown plans and sections of three such typical stopes in the 
i^tplHtr Quei»n mine, while in fig. 4 (p. 137) and in fig. 5 (p. 138) are repi-esented 
a/lditional mictions throwing light upon the general outlines of the ore bodies. On 
Huy Mingle horizontal plane the dimensions of the ore masses rarely exceed 15<) by 
20(; feet, but series of connected stopes indicate that in general plan these figures 
may U? considerably exc^e^led. Thus the stopes northeast of the Holbrook shaft 
indir;at45 the existence of a practically continuous body of ore and '* ledge matter" 
alKMit HiHi feet in length and <>00 feet in width. On the other hand, the actual 
maximum thickness of the ore bodies hitherto extensively worked rarely exceeds 
125 feet, 

KKI.ATI()N (IK OUE BODIES TO THE BEDDING OF THE LIMESTONES. 

The Hfaf4*ment that these very irregular tabular or lenticular masses of ore 
lie {lanillel with the Imdding planes of the inclosing limestones is the simplest 
expresHiori of n general relation and requires some qualification when the ore 
iKxlies are ntudied in detail. It is then found that the original structure of the 
limest^ine in the vi(^inity of the ore is very nmch obscured by metamorphism, if 
it is not entirely oblit'<*nit4*<l by the c»xtensive formation of ferruginous clays 
resulting from the oxidation and (lecom))osition of the ores and country rock. 
Furthermore the ore scMnc^times cuts across the bedding of the limestones for 
considerable diHfanceN, an will In* later shown. 

Owing U) the extenwive alteration of t\\v limestones in the vicinity of the ore 
Ixxlies, tibservationx on dip and strike of the beds can 1)e made in but a small 
part of the extensive underground workings of the Copper Queen mine. Such 
observations as were recorded Indicat*' a g<»m^nil southeasterly dip of less than 
20^. But there Is rnueli diversity, and tin* ImhIs w«»re evidently subjected to con- 
siderable local dlsturlmnee prior lo the deposition of the ore. At the old Queen 
incline, which folhiws the bedding, the dip is al>out 40^ and is toward the south. 
This steep and unusual local dip apparently accounts for the exceptional attitude 
of the original Queen ore body, a roughly cylindrical nuiss 60 feet in diameter 
and 40) feet in length, which, aec^ordlng t>o the section published by Mr. Douglas 
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(fig. 4), had its axis more nearly vertical than horizontal.^ As this body presented 
some points of difference from those now open to study, the description of it by 
Mr. Douglas may fitly be quoted. He writes:* 

'*The outcrop of copper which was first attacked, and which was, in fact, 
the only extensive surface indication, was on the northern exposure of a lime- 
stone hUl. In this place stripping revealed a solid body of oxidized copper, iron, 
and manganese ore over 60 by 60 feet in area, and so rich in copper that the 
furnace, fed from the surface ores above, yielded for a few months 23 per cent 
of metal. ♦ ♦ ♦ Xhis large outcrop was inclosed in an almost circular 
unaltered limestone frame. Associated with the ore was an abundance of calcite. 
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Fio. 4.— Section of the Copper Queen mine through the open cut and the southwest stope. After Douglas. 

but the percentage of silica was so small that quartz had to be added to the 
furnace charge. This bod3% retaining its general dimensions and well-defined 
limestone walls, dipped at an angle of about 30° southeasterly into the hill. 
Between the 100- and 200-foot levels the ore changed into a clay, with well- 
marked bedding, too lean in copper carbonate to be profitably worked, but below 
this zone of clay the copper, as carbonates and oxides, increased to 12 per cent, 
and was associated in a measure with limonite, embedded in ferruginous clay. 
This ore body extended to a depth of 400 feet on the incline from the surface, 
and there terminated abruptly' in hard limestone." 

This single ore body yielded about 80,000 tons of ore and 20,000,000 pounds of 
copper.^ 

a In his description, however, quotation of which follows, Mr. Douglas states that the dip was only 30° into the hill, 
ft Douglas, J., The Copper Queen mine, Arizona: Trans. Am. Inst. Min. £ng., vol. 29, 1900. p. 513. 
clbid., p. 514. 
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Between the Queen incline and the Holbrook shaft (PI. XXV) and southwest of 
the Czar shaft, the usual gentle southeasterl}- dip seems on the whole to prevail, 
although opportunities for satisfactory obsen'ation are rare. The very important 
ore bodies occurring in this part of the Copper Queen mine have been found on the 
whole to l>e nearly horizontal (PI. XXVUl). As a rule very few traces of original 
bedding are discoverable in the much altered, mineralized, and decomposed material 
occurring within 500 feet of the probable position of the Dividend fault (PI. XXIV). 

In the Spray workings the general dip of the limestones appears to be toward 
the southeast at an angle of about 15^. The ore bodies corre8]X)nd roughly to this 



[TI^I Aciu^f sl&pfS 




Fia. 5.-~Diagrammatic northeast-southwest section throogh the Czar shaft of the Copper Queen mine, showini? the 
greneral structural relation of the ore bodies. 

The black shows actual stopes. The structure of the limestones is generalized and no attempt is made to distinguish 
mineralized limestone or the altered clayey material known as " ledge matter" from the normal unaltered beds. 

gentle inclination. This fact was particularly noticeable in the case of a relatively 
small body of chalcopyrite ore being stoped on the seventh level at the time of 
visit. On the eighth level, also, it was noticed that bands of p^-rite show a marked 
tendency to follow what seem to be bedding planes in the mineralized limestone. 
In the Calumet and Arizona mine the limestones maintain their general south- 
easterly dip, but are more steeply inclined than in the adjoining (Copper Queen 
workings, the average dip being about 35*^. Stoping had not gone far enough 
in this mine at the time of visit to demonstrate the approximate shape of the large 
ore bodies. There is little doubt, however, but that they are of the same general 
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character as those worked from the Spray shaft, although more noticeably inclined 
in conformity to the increased dip of the inclosing beds. There is observable in 
the deeper levels of this mine the same pronounced influence of the bedding planes 
in directing pyritic impregnation as was noted in the Spray. 

The development of the Lowell mine is as yet insuflicient to throw much light 
on the shape and extent of the ore bodies. They are evidentW of irregular form, 
but lie with their two greater dimensions parallel to the bedding planes of the 
limestone, which here have an easterly dip of from 35° to 45*^. These ore bodies 
are undoubtedly of the same general type as those found in the Copper Queen 
and Calumet and Arizona mines. 

RELATION OF THE PRINCIPAL ORE BODIES TO THE ESCABR08A LIMESTONE. 

Although the ore bodies as a rule have their greater dimensions in the planes of 
bedding, they are not confined to any particular bed or to any definite stratigraphic 
horizon. The original Queen ore body occurred in the lower pai*t of the Escabrosa 
limestone. The ore in the Baxter tunnel near the Holbrook shaft occurs in part in 
the lower part of the Naco limestone. In the latter formation also, probably occurs 
a portion of the ore in the Calumet and Arizona mine, and almost certainly that so 
far discovered in the Lowell mine. The problem of determining the stratigraphic 
horizon at which most of the great ore bodies of the Copper Queen and Calumet 
tod Arizona mines occur is a diflScult one. Not readibly distinguishable over the 
quadran^e at large, the Naco and Escabrosa limestones can not be separately 
identified in the mines, where metamorphism ha^ altered the original texture and 
composition, obscured much of the structure, obliterated all of the fossils, and 
transformed both limestones to similar aggregates of silicates and pyrite. When 
upon such metamorphism there is further imposed widespread alteration into 
limonitic clays and oxidized ore, the possibility of distinction between the two 
original limestones vanishes. Structural relations (see structure sections, PI. Ill) 
render it very probable that the great ore-bearing member of the Paleozoic series 
is the lower Carboniferous or Escabrosa limestone with a thickness of about 700 
feet. More exact and assured conclusions might be drawn from general structural 
relations as interpreted in the structure sections (PI. Ill), were there less local 
disturbance in the beds, were the presence and eflTect of faults in the limestones 
more readily determinable, and did the underground workings afford some direct 
check on the deeper structure as projected from studies on the surface. The 
probability, however, is strong that the Escabrosa limestone, while not the only 
ore-bearing formation, is the one that contains most of the great known ore bodies 
in the Copper Queen and the Calumet and Arizona mines. 

Facts lending some additional support to this hypothesis are (1) the known 
occurrence of the original Queen ore body in the Escabrosa limestone; (2) the 
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greater depth at which other ore bodies were subsequently discovered southeast 
of the Queen incline, suggesting that they were formed in the same limestone 
as the Queen ore bod}' but occur at a lower level because that limestone had 
been dropped prior to the general mineralization by the Czar fault (see PI. Ill); 
and (3) the progressivel}' increasing depth at which large ore bodies are 
encountered in developments pushed toward the southeast. The correspondence 
between the increasing depth of the larger ore bodies and the augmenting 
thickness, from northwest to southeast, of the overlying wedge of relatively 
barren Naco limestone, while it can not be shown to be exact, is at least 
roughly demonstrable and can scarcely be a chance coincidence. It contains a 
strong suggestion that the maximum deposition of ore in the general zone thus 
far exploited was directly connected with the Escabrosa formation. 

In his paper on the Copper Queen mine. Dr. James Douglas has distinguished 
'' two series of limestone beds, both of Carboniferous age : The upper bedding 
recognized as the white; and the lower as the blue — though this distinction of 
color is not always well marked."^ The lithological distinction made by Mr. 
Douglas could not be recognized in the course of the present investigation, and 
does not appear to correspond with the division of the Carboniferous limestones 
into the E^scabrosa and Naco formations adopted in this report. In the Copper 
Queen mine a somewhat vague distinction is commonly made between the 
so-c»lled upper and lower "limes."' It was found, however, that the ^' lower 
lime" meant the compact metamorphosed limestone occurring underneath any of 
the known ore bodies. It could not be ascertained that the term had any 
precise stratigraphic or lithological significance, or that the rock so designated 
was essentially different from certain unoxidized portions of the '^ upper lime.^ 

RELATIONS OF THE ORE BODIES TO STRUCTURES OTHER THAN BEDDING. 

Bedding planes are not the only elements of geological structure that have 
influenced the deposition of ore. In the deeper workings of the principal mines, 
particularly of the Calumet and Arizona, there is a well-marked and significant 
tendency of the original pyritic impregnations to concentrate along minor zones of 
fissuring and shearing in the generally mineralized limestone. This tendency, 
clearly shown on a small scale, usually below and at a little distance from the 
main ore Ixxlies, is not merely a minor phenomenon, but illustrates in miniature 
what has taken place on a much larger scale in connection with the great ore 
masses. In the case of the latter, however, the important part played by fissures 
in ore deposition is to a considerable extent obliterated by later changes wrought 
in ore and country rock by general oxidation and secondary concentrations. 



a Douglait, J., The Copper Queen mine, Arixona: Trans. Am. lust, Min. Eng., yoI. 29, 1900, pp. 516-617. 
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the particular limestone, probably the Escabrosa, that carries the ore on other parts 
of the level, must l)e sought for alx>ve this level on the northwest side of the 
fault. (See section DD, PI. III.) 

It was prolwbly in consequence of the Czar fault that so much difficulty was 
encountered in finding new ore bodies after the exhaustion of the original Queen 
stope. That great cylindrical ore mass was on the northwest side of the Czar 
fault, while the bodies afterwards discovered at lower levels have been in the 
downthrown southeast block. 

The detailed relations of the ore lx>die8 of the Copper Queen mine to the 
Dividend fault (PI. XXV) are very obscure. Large Inxlies of ore have been mined 
and are still being worked in the vicinity of this great fissure, but the ground is 
soft and openings in it very difficult to maintain. Such crosscuts as have been 
run northeastward beyond the ore bodies are no longer accessible, and it is not 
known whether any of them penetrate the schist, which at the surface forms the 
country rock northeast of the fissure. The ore bodies in this part of the mine 
were apparently- formed for the most part in limestone, but the mineralization and 
subsequent alteration has been so intense that very little of the original country 
rock can now be identified. Masses of earthy oxidized ore and bodies of crumbling 
p}- rite, more or less enriched with chalcoclte, occur very irregularly amid abundant 
soft clayey and limonitic material. The general parallelism of the ore bodies with 
the bedding planes of the limestone, elsewhere in these mines a noticeable feature, 
is much less distinctly shown in those workings near the Dividend fault. 

In that ver}'^ productive part of the Copper Queen workings lying northeast of 
the Holbrook shaft and in the corner formed by the Dividend fault and the contact 
of the limestones with the porphyry of Sacramento Hill minor intrusions of por- 
phyry, probably aj)ophy8es or offshoots from the main intrusive stock, have evi- 
dently influenced the deposition of the ore to an extent recognized b}' the miners, 
who expect, usually, to find ore IxKlies in contact with them. They appear to have 
the form of irregular dikes, or occasionally sills. The}" are sometimes impregnated 
with a little pyrite and often decomj)osed to a white or yellow clay, which usually 
reveals its origin by the presence of grains of quartz representing former pheno- 
crysts in the porphyry. 

The relation of the ore to the poq)hyry is illustrated in the old Dividend stope 
on the fourth level, about 050 feet northeast of the Holbrook shaft. The drifts 
running eastward toward the hU}\h^ jiomh through metamorphosed limestone, impreg- 
nated with pyrite, into an irregular dike of iMjrphyry. The ore occurs as pyrite and 
chalcocite, with a little clialcopyrito in soft, oxidized ground along the eastern side 
of this dike. Acc5ording to Supt S. W. CIhwhou, this ore is continuous with a 
large, nearly horizontal ore Ixxly near the H^^'-ond level, which was found to turn 
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abruptly down along the eastern side of the porphyry dike. It was not practicable 
to verify this reported relation at the time of visit, nor to liearn what became of the 
dike at the point where the ore passed over it and turned down along its eastern 
side. While much of the ore in the vicinity of the Dividend stope was deposited 
originally in limestone, the alteration has been such that the original character of 
the gangue material can not always be determined. It is possible that some of the 
ore now worked may have been deposited in porphyry-, although, as a rule, this 
rock, when occurring as dikes and sills in the pyritized limestones, is seldom itself 
conspicuously mineralized. 

Directly under the Hayes air shaft, on the fourth level, there is exposed a 
considerable mass of porphyry, which apparently forms an irregular sill in the 
limestones. Immediately under the porphyry, which is undecomposed and not 
perceptibly mineralized, separated from it by a sharp contacrt, is a small, nearly 
horizontal mass of pyritic ore, which, as is shown by a winze, rests upon 
mineralized limestone. 

These and other examples indicate that the presence of j)orphyry dikes and 
sills in the limestones, while by no means a necessary condition to the formation 
of ore bodies, is ^et favorable to their occurrence. The function of these minor 
j)orphyry intrusions with reference to ore deposition appears to have been similar 
to that of fissures in influencing the movements of the mineral-bearing solutions 
in their circulation through the limestones. 

That there is a genetic connection between the porphyry mass of Sacramento 
Hill and the deposition of the ores is certain. The actual relation of the ore 
bodies to the porphyry-limestone contact is, however, nearly as obscure as in the 
case of the Dividend fault. On the surface (PI. HI) the contact is concealed by 
surficial material in the gulch that comes down from the Spray shaft past the 
hospital. Even on the western slope of Sacramento Hill, where the rocks are 
well expoaed, the alteration of porphyr}' and limestone is such that the actual 
contact between the two is rather indefinite. Underground crosscuts have not 
been driven far enough to throw much light upon the details of the relation 
between porphyry and ore. They have usually been stopped whenever anything 
supposed to be porphyry appeared at the face. 

On the second level of the Copper Queen workings a crosscut has been run 
toward the j)orphy ry from a point about 700 feet northwest from the Grardner 
shaft (PL XXV). This passes from soft ferruginous "ledge matter" into hard 
metamorphosed limestone heavily impregnated with pyrite. At the face this 
mineralized limestone is in contact with altered sericitized porphyry containing 
abundant disseminated pyrite. The contact here is a fault plane, dipping toward 
the northeast, and exhibiting evidence of recent movement. The extent of this 
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movement can not be determined from the available exposure. It may merely 
indicate slight displacement along the intrusive contact. 

On the third level is another crosscut a short distance north of the one just 
described. This also encounters porphyry, which is altered to a soft siliceous 
material almost as porous and friable as pumice. As the crosscut was only partly 
accessible, it could not be seen whether its face is also in porphyry. 

East of the Hayes shaft a crosscut extends eastward about 200 feet beyond an 
ore body indicated in PL XXV. It is all in rock that has been altered to an 
aggregate of quartz, pyrite, and kaolin and is regarded as probably metamorphosed 
limestone, since it grades in other directions into material that was certainly lime- 
stone originally. Nothing recognizable as j)orphyry occurs in this crosscut, although 
it would seem (PI. XXV) as if this rock should have been encountered. 

From the generall}^ inaccessible crosscuts toward the porphyry, northeast of the 
Holbrook shaft, no definite information could be obtained as to the precise relation 
of the ore to the porphyry contact. According to Mr. Clawson the crosscut 
extending farthest east on the fourth level, in this part of the mine, reaches the 
porphyry and encounters a body of good sulphide ore near the contact. 

On the sixth level a crosscut is being run toward Sacramento Hill from the 
Gardner shaft. At the time of visit this was in metamorphosed limestone carrying 
abundant disseminated pyrite and a little chalcopyrite and sphalerite. According to 
Dr. L. D. Ricketts, mining engineer for the Copper Queen Company, the crosscut, 
at the date of writing, has passed through this material and has entered rock that 
appears from specimens sent by Mr. Ricketts to have been originally porphyry, 
but is now an aggregate of quartz, sericite, and pyrite. The change took place 
about 335 feet northeast of the shaft (PL XXV). 

The general conclusion drawn from such meager data as are obtainable in regard 
to the contact between the Sacmmento Hill porphyry and the limestones may be 
given in a few words. The contact is very imperfectl}' explored. It is apparently 
irregular, with conspicuous departures from a simple curved surface. It is the locus 
of pronounced metamoiphism and mineralization which extends both into the 
limestones and into the porph^-ry. Pyrite occurs in great abundance in the imme- 
diate vicinity of the contact — characrteristically in disseminated form, but occasionally 
in considerable masses. The workable bodies of ore, owing their value to processes 
of enrichment subsequent to the primary pyritic mineralization, occur within the 
mass of the limestones, usually at some little distance from the actual contact to 
whose curved course their distribution in the main conforms. 

It is highly probable, if not reasonably certain, that other fissures than the Czar 
and Dividend faults have helped to determine the form and position of individual 
ore bodies. Such fissures, however, can not be satisfactorily studied in mines where 
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the genesis of the ores there can be no question. There are few known ore bodies 
in the Bisbee quadrangle which do not demonstrably owe their value to the coopera- 
tion of both processes. This was also the conclusion reached by Emmons^ from the 
descriptions of Douglas and from a brief visit to the Copper Queen mine. The 
existence of workable masses of ore that have resulted wholly from the primary 
melasomatic mineralization, while not denied, is still as far from proof as when 
Mr. Douglp^ published his excellent account of the Copper Queen mine three 
years ago. 

PRIMARY METASOMATIC ALTERATION AND MINERALIZATION.* 

As shown in those underground workings which are below the intermediate 
zone penetrated by oxidizing reagents, the sulphide minerals ascribable to the 
earlier period of metasomatic alteration are common pyrite, and perhaps also 
a little chalcopyrite and sphalerite. The occurrence of some ceinissite in the 
limestones suggests that galena may also occur, although this mineral has not 
been seen. Associated with these sulphides are amphibole (tremolite), pyroxene 
(diopside), garnet (grossularite), vesuvianite, quartz, and chlorite an the lime- 
stones; quartz, sericite, chlorite, perhaps kaolin, and a little epidote in the 
granite-porphyry; and quartz and sericite in the Pinal schist. Tests made in the 
chemical laboratory of the Survey upon representative specimens of the mineral- 
ized limestone, containing abundant disseminated pyrite, but no visible chalcopy- 
rite, afforded in one case a ti-ace and in the other 0.12 per cent of copper. ** 
The pyrite is therefore cupriferous, the copper probably occurring as an admix- 
ture of the chalcopyrite molecule. 

A chemical analysis of a typical specimen of mineralized limestone from the 
fifth level of the Holbrook mine, about 200 feet south of the shaft, is given on 
the following page under I. 



a Emmons, S. F.. The secondary enrichment of ore deposits: Trans. Am. Inst. Min. Eng., vol. 90, 1901, p. 192. 

6 In a preliminary sketch of the Bisbee copper deposits (Bull. U. 8. Geol. Survey No. 218, 1908, pp. 14d-157), published 
before any microscopical study had been made of the ores and country rock, it was stated that little or no contact meta- 
morphism had been effected in the limestone. Closer study has shown that the metamorphism Is much greater than 
mere field examination indicated. 

e It is to be noted that these are i>ercentages of the rock as a whole. The actual percentages of copper in the pyrite 
itself, free from the abundant gangue present in the specimens examined, would be much higher. 
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of silica and magnesia. In the table of anal^^ses the essential composition of a 
typical specimen of the metamoiphosed Escabrosa limestone, collected * from the 
top of Escabrosa Ridge, is indicated under II, while under III and IV are placed 
partial analyses of the Martin and Naco limestones. Comparison with these shows 
that even if the reference of the mineralized limestone to the Escabrosa 
formation be erroneous the evidence of pronounced chemical change remains 
unweakened. 

The large amount of alumina occurring with the oxidized ores in the form 
of kaolinite and cla}^ led to the expectation that the unoxidized metamorphic 
limestone would be decidedly aluminous. But the mineral composition as 
determined by the microscope lends little support to this suggestion, and the 
chemical analysis of the specimen from the tifth level of the Holbrook mine, 
apparently representative of large masses of the mineralized limestone, shows that 
very little alumina is present. That found is probably for the most part com- 
bined with silica and calcium to form the small quantity' of colorless garnet 
observed in thin sections. According to Mr. Douglas, ''a series of anal^'ses 
taken from a drift in the eastern section of the [Copper Queen] mine, as an ore 
body is approached, indicates the gradual change from unaltered limestone to 
clays, involving a decrease in lime from 24 per cent to 0.33 per cent, and an 
increase in alumina from 2.20 per cent to 16.9 per cent."^ 

The ^'unaltered limestone"' of Mr. Douglas, however, is evidently already 
metamorphosed, as shown by its containing only 24 per cent of lime. (Compare 
analysis on page 148.) The increase in alumina, therefore, appears to be connected 
with the general process of oxidation rather than with the earlier metamorphism 
now under discussion. 

The metamorphic minerals mentioned are not distributed uniformly through 
the limestone, but are arranged in zones about the porphyry mass of Sacramento 
Hill. Nearest the j)orphyry the former limestone is now a fine-grained aggi*egate 
consisting chiefly of quartz and calcite. Such is the rock of the Gardner shaft. 
The width of this siliceous zone has not been accurately determined, but may be 
roughly estimated at about 200 feet. It is probably very irregular and is not 
sharply defined at its outer border. Although heavily impregnated with pyrite, it 
has not proved such favorable ground for the occurrence of ore bodies as the 
next zone to be described. 

Encircling the siliceous zone are the pale-green altered limestones in which 
pyrite, tremolite, diopside, grossularite, and probably vesuvianite, are the charac- 
teristic minerals. In this zone quartz is comparatively rare. Calcite, however, is 
abundant, and may make up half or more of the altered limestone. At its inner 



o Douglas, J., The Copper Queen mine, Arizona: Trans. Am. Inst. Min. Eng., vol. 29, 1900, pp. 519-^20. 
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edge this zone gi'ades somewhat indefinitely into the niliceous zone. About its 
circumference it passes by obscure gradation into the unmetamorphosed limestones 
of the region. The rock of this zone of metamorphic silicates is softer than that 
of the inner siliceous zone. It is frequentl}" traversed by little irregular surfaces 
of shearing, so that the rock tends to break along many curved surfaces into 
small fragments. The width of this zone can not be stated with precision, on 
account of the indefinite character of its l)oundaries, but it may l)e ver\' roughly 
estimated at about 1,<M)0 feet. The zone is not, however, limited in plan to a 
simple concentric band about the porphyry, but extends for a considerable distance 
to the northwest toward the Czar shaft. Whether the development of metamorphic 
silicates was also characteristic of the ore-bearing limestones along the southeast 
side of the Czar fault is a question which the present investigation leaves in doubt. 
The workings above the fourth level in this part of the Copper Queen mine are 
largely in oxidized ground. The fourth level, however, is in compact gray lime- 
stone apparently containing no metamorphic silicates. But as no specimen was 
taken of the limestone in this particular part of the workings, the absence of 
such silicate minerals has not been confirmed l)y microscopical examination. 

In general, the zone in which the metamorphic silicates are developed is that in 
which most of the ore }>odies are found. In the western part of the Copper Queen 
mine, however, extensive ore bodies occur in limestone that is perhaps outside of 
this zone. In other words, the deposition of metallic sulphides appears to have had 
a wider range and to have extended farther from the porphyry into the fissured 
limestones than did the formation of the metamorphic silicates. 

As metasomatic alteration has affec»ted the entire Sacramento Hill stock, it is 
impossible to secure any of the porphyry in its original condition for comparison 
with the altered roc^k. The intrusive mass is impregnated with pj^rite throughout. 
This mineral is ver}- abundant in the vicinity of the contact with the limestone, but, 
as the dump of the Copper King mine shows, ma}' be nearly or quite as abundant in 
the areal center of the stock. In addition to the introduction of pyrite, the altera- 
tion involves a general recrystallization which has in some cases obliterated the 
original porphyritic texture, in others left it still faintl}' recognizable. The micro- 
scope shows that the quartz phenocrysts have recrystallized as quartz aggregates, 
and that the feldspars and groundmass have become areas of sericite, quartz, and 
pyrite, with occasionally a little epidote, chlorit(», zircon, and rutile. Kaolin also 
occurs in microscopic aggregates with the scri<ate, and may be in part a product of 
the metasomatic alteration. Upon exiM)Hure to th(» w(»ather the pyrite in the meta- 
morphosed porphyry oxidizes, and the sericite, probably through the action of the 
sulphuric acid so formed, })ecx)mes convert^^ into kaolin. The porph3'ry as exposed 
on the surface is thus a siliceous mass containing nests of kaolin, which sometimes 
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granitic stock of Juniper Flat is connected with no conspicuous mineralization of 
the inclosing schists, and is not itself mineralized. It is thus suggested that 
extensive mineralization may be dependent upon the juxtaposition of porphyry 
and a particular rock — limestone. But there are many porphyry dikes in the 
quadrangle that cut limestones without producing mineralization. These, however, 
are relatively small masses, and this fact leads to the further tentative suggestion 
that extensive mineralization competent for the production of workable ore bodies 
requires the fortunate conjunction of an intrusive mass of considerable size with 
limestones. These conditions are fulfilled in the vicinity of Sacramento Hill and 
nowhere else in the quadrangle. Here, too, occur the only important bodies of 
copper ore thus far discovered in the quadrangle. It might, therefore, possibly 
be concluded on this rather slender evidence that the conditions named were all 
that were necesary to produce the ores. But the case is not quite so simple. 

Small bodies of copper ore occur at several points in the quadrangle in 
situations that show no discoverable simple connection with granite-porphyry. 
Fissuring in the limestones is frequently, although not invariably, accompanied by 
mineralization even when no porphyry is near. At the Whitetail mine, for 
example, ore has been extracted from the vicinity of a bedding fault between the 
Abrigo and Martin limestones. At the Wade Hampton claim, northwest of Don 
Luis, near United States Land Monument No. 3, ore has been taken from a hanging 
wall of Abrigo limestone faulted against Bolsa quartzite. Hence it is concluded 
that fissures in the limestone are factors in the mineralization apart from any 
direct connection with intrusive masses. 

The general relation of the great ore bodies of the Copper Queen mine to 
the Dividend and Czar faults has already been pointed out. There can be no 
doubt but that the presence of th^, and probably also of other less prominent 
fissures, constitutes an additional important factor in determining the initial 
mineralization from which subsequent processes were to produce the workable 
bodies of ore that now lie about the southwest side of Sacramento Hill. 

The conclusion that the original mineralization in the vicinity of Sacramento 
Hill was the result of extensive metasomatic metamorphism in some way due to 
the coincident occurrence of limestones, a considerable intrusive mass of porphyry, 
and prominent fissures extending to great depth, is firmly based upon observed 
facts. In the further search for the source of the ores, and for light upon the 
actual processes by which they were introduced into the rocks where they are 
now found, we enter upon somewhat speculative ground. 

The objection to regarding the metamorphism and mineralization as an 
ordinary case of contact action about an intrusive stock is twofold. The stock 
itself has been thoroughly altered and mineralized and could not have originally 
supplied from its own mass the largo quantities of magnesia and sulphide of iron 
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The h^^pothesis that the ore constitutents rose from unknown depths — from 
sources within or l>elow the fundamental Pinal schist — has for its support the 
known occurrence in the veins of the Modern and other prospects of small quan- 
tities of ore in the schists and the general evidence from other mining regions for 
the ascension of similar ores from great depths through fissures. 

The h^'pothesis that the ore constituents were originally deposited on the sea 
bottom with one or more of the Paleozoic limestone formations, and were con- 
centrated by underground waters from a condition of minute dissemination 
into large masses, has for its support the conclusions of Van Hise and Bain in 
regard to the lead and zinc deposits of the Ozark region, " and the known presence 
of iron, copper, and zinc in determinable quantities in certain invertebrate marine 
organisms/ 

In the Bisbee quadrangle, as in the Ozark region, ore deposition has 
taken place chiefly in relatively pure Carboniferous limestone underlain by 
less pure limestones containing interbedded shales and known to be in part 
magnesian. In both regions there is reason to believe that underground waters, 
after moving for considerable distances through the lower limestones, have been 
conducted up through fissures to the overlying beds composed of nearly pure 
calcium carbonate. In both regions the ore has been deposited where the 
structure leads to the supposition that there was a mingling of solutions, 
differing in temperature and diverse in mineral content. In both regions the 
depositing solutions carried magnesia. In the Ozark deposits this magnesia 
effected a dolomitization of the Carboniferous limestone. At Bisbee, under the 
influence of heat supplied by the intrusive stock and an adequate supply of 
silicA, the magnesia entered into combination with the silica to form metamorphic 
silicates. The relative proportions of the different sulphides are widely different 
in the two regions, but all of the sulphides possibly ascribable to the original 
mineralization in the Bisbee quadrangle occur also in the Ozark ores. There is, 
in short, no known fact that invalidates the hypothesis that the Bisbee ores 
derive their source from the limestones themselves. There is perhaps a slight 
preponderance of local evidence for the view that at least a part' of the ore 
constituents were so derived. The direct evidence on this question, however, 
is so meager, and its slight weight so easily shifted from one side to the other 
by whatever bias may have been given to the observer's trend of thought by 
familiarity with other fields of ore deposition, that an expression of choice 
between the two general hypotheses can have little real value. Both are, in the 
nature of the case, speculative. 

« Preliminary report on the lead and zinc deposits of the Ozark region, by H. F. Bain, with an introduction by C. R. 
Van Hise, and chapters on the physiography and geology by George I. Adams: Twenty-second Ann. Kept. C. S. Geol. 
8iir\'ey, pt. 2, 1902, pp. 59-60, 203-216. 

ft Bradley, H. C, The occurrence of zinc in certain Invertebrates: Science, vol. 19, 1904, pp. 19ft-197. 
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many conditions possible in nature, has not yet been carefully investigated. It is 
evident that such .studies are a necessary preliminary to the definite statement of a 
process which commonly involves the oxidation, not of one but of several sulphides, 
is associated with extensive alterations in the gangue minerak^ and i^ effected 
through a multitude of chemical reactions, reversible in part, and taking place 
under varying conditions of temperature, concentration, and volume of the natural 
solutions concerned. 

Xo attempt will be made in the present paper to do more than briefly 
and tentativelj' outline what seems to be the general nature of the process, 
and discuss a few phases of the general problem that are particularly suggested 
by the o<rcurrence of the Bisbee ores. 

A mass of pyrite exposed to oxidation by atmospheric agencies is probably 
gradually changed to ferrous sulphate and this in turn to the ferric salt. If 
the sulphur in the pyrite is completely oxidized, some free sulphuric acid is 
also formed." Such copper as may be originally present in the pyrite, probably 
in the form of the chalcopyrite molecule, may be supposed to undergo a 
similar alteration to cuprous and cupric sulphates. These comparatively simple 
conditions, while they may have obtained at some early period in the geological 
history of most ore bodies, are not those under which the ore masses actually 
studied have been and are now being altered. The pyrite as a rule is not 
exposed at the surface, but is overlain or enveloped by the products of earlier 
chemical activity which, while of an oxidizing character in the main, has probably 
involved reduction as a minor phenomenon. These products the oxidizing solu- 
tions must penetrate before they can directly attack the fresh pyrite. Further- 
more, in an arid region, such as Bisbee, where oxidation, instead of extending 
uniformly down to a ground-water level at a moderate distance below the 
surface, has penetrated very irregularly to depths of 1,000 feet or more, 
leaving residual masses of unoxidized sulphides at higher levels, the solutions 
moving downward to refect upon any given pyritic mass may have been 
modified not only by passage through the generally oxidized zone and through 
secondary sulphides, but through original sulphides as well. 

The ferric and cupric sulphates formed by direct oxidation of the cupriferous 
pyrite are, as Van Hise, Emmons, Weed, and others have clearly shown, themselves 
active agents in furthering the general change. 

The ferric sulphate may attack fresh pyrite, oxidizing the latter, and giving 
rise to sulphuric acid and free sulphur. This sulphur, while difficult of direct 
oxidation, may, like other similarly inert substances, be oxidized in the presence of 
other compounds undergoing oxidation, and so form free sulphuric acid. It is 

aBniunt, Chemlache Mlnenilogie, Leipxig, 1896, p. 868. 
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carbonates of copper in certain portions of the oxidized zone is in part explained.^ 
The ferric sulphate may also pass into basic sulphate and then into limonite,^ 
while the cupric sulphate may be transformed to the basic sulphate brochantite. 
Becquerel*' succeeded in producing small ciystals of this mineral by keeping a frag- 
ment of porous limestone for several months in contact with a saturated solution 
of cupric sulphate. By the addition of sodium bicarbonate to the solution the 
brochantite was transformed to malachite (" cuivre carbonate bibasique^). Broch- 
antite is probably of common occurrence as a transitional step in the formation of 
malachite from the sulphate, although it does not occur in great quantity in the 
Bisbee mines. 

The sulphuric acid which forms under certain conditions of oxidation may play 
a varied part in the further alteration of the ore. It may in zones of such deep and 
irregular oxidation as those at Bisbee come in contact with cuprite and form cupric 
sulphate and native copper.'' Or it may form various metallic sulphates, or gypsum. 

The abundance of kaolin or clay in connection with the oxidized limonitic ores 
has been dwelt upon by Mr. Douglas "" who concludes that the alumina sometimes 
forming as much a» 17 per cent of the '^ ledge matter"' has been derived from the 
neighboring porphyry. While kaolin has undoubtedly been produced in the por- 
phyry through the action of sulphuric acid formed from the oxidation of pyrite, 
npon feldspar and sericite, yet it does not appear that all, or even most of the kaolin 
in the oxidized ores and " ledge matter/- can be traced to this source. Like limonite 
it is one of the common products of the oxidation of the mineralized limestones, and 
is clearly a local concentration of material, which, before the oxidation of the pyrite, 
was more widely distributed through the rocks. If the limestones in connection 
with which the ores occur were noticeably shaly and argillaceous the abundance of 
kaolin might easily be accounted for by the action of sulphuric acid upon such beds, 
the acid coming, of course, from the oxidizing pyrite. The alumina would go into 
solution as a sulphate, and might then be transported and redeposited as kaolinite 
in the presence of solutions containing silica. The analysis of mineralized limestone 
given on page 148 shows less than 1 per cent of alumina, and the Escabrosa limestone 
on the whole contains very little argillaceous impurity. In spite of these facts, how- 
ever, the occurrence of the clays is such as to strongly suggest that the alumina 
contained in them was originally a constituent of the limestones. Its concentration 
in the porous limonitic *Medge matter" has probably been effected by mechanical 
as well as by chemical agencies. 



aBliichol, O., Lehrbuch der chemtochen ond phyffilutliflchen Geolosrie, 2d ed., Bonn, 1866, vol. 3. p. 690. 
b Vennim, The Ruperflcial Alteration of ore depofllta: Jonr. Oeol., vol. 2, IdM, p. 29a. Alao Brtkuza, Chemiache Minentl- 
Utfle, Lvlpxltf. 1H06, p. 868. 

^CkimptiM rendtw des B^ancea de I'Acad^mie de« Sciencel^ Parln, vol. 34, 1852, pp. 577-578. 

clBiMchof, loc. eit., p. 692. 

« Douglas. J., The Copper Queen mine, Arizona: Trans. Am. Inst. Min. Eng., vol. 29, 1900. 
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AGE OF THE ORES. 

All of the ore of the Bisbce quadrangle i« post-Pennsylvanian, since it is later 
than the granite-porphyry which cuts the Naeo limestone. If, as there is reason to 
suppose, the heat of the intruded mass of porphyry forming Sacramento Hill was 
a factor in the original mineralization, then the latter was probably initiated soon 
after the close of the Pennsylvanian epoch, perhaps in Permian or Triassic time. 
It may have continued with diminishing intensity into the Tertiary. That there 
has also been some post-Comanche (i. e., late Cretaceous or Tertiary') mineraliza- 
tion is shown b\" the occurrence of small mineralized veins in the Glance con- 
glomerate near Juniper Flat and south of Gold Hill, by the introduction of 
chalcocite into the same conglomerate in the vicinity of the Glance mine, and by 
the occurrence of a gold ore in the Morita formation at the f^ter Sunday mine. 

The secondary processes connected with oxidation, which have transformed the 
low-grade pyritic masses near Bisbee into rich ore bodies, may have begun in 
Tertiary, or even Cretaceous, time and are still in progress. 

VALUE OF THE ORES. 

The percentage of copper in the ore as mined is to a very large extent subject 
to direct control by those who direct mining operations. With ample facilities for 
extensive and economical opemtion, the grade of ore that can not be handled 
sinks lower and lower. Thus, while a large mine may contain ore as rich as it 
did when first opened, the average tenor of the ore now worked is usually very 
much lower. 

This almost self-evident fact is well illustrated by the Copper Queen mine. The 
ore first worked, early in the eighties, averaged 23 per cent of copper. As the mine 
developed, as methods of treatment improved, and as transportation became less 
costly, the tenor of the ore was gradually reduced until the average at present is 
about 7 per cent, with a range from 4 to 20 per cent. The minimum grade, how- 
ever, is only mined when occurring with better ore, or when particularly desirable 
for fluxing purposes. 

The average tenor of the ore from the Calumet and Arizona mine in 1902 was 
about 10 per cent of coppcu*, according to Mr. I. L. Merrill. But the stopes were 
then recently opened and (M)ntaino(l soino remarkably good, oxidized ore. As 
development progresseH it will probably Ik^ found economical to reduce the aver- 
age grade of the ore. 

The gold ore of the K:Hter Sunday luhn^ is reported to run about $30 per ton 
when sorted. But as th(^ Hiniill <(uanlhy of <ire thus fur produced has been accepted 
by the Copper Queen ninelter upon tlio roiMlllion that the silii^a shall not fall below 
84 per cent, the actual Umov that thn or«i would hIiow if mined and treated directly 
as a gold ore is unknown. 



162 GEOLOGY AND ORE DEPOSITS OF BISBEE QUADRANGLE, ARIZONA. 

that profitable ore bodies are by no means confined to the structural pocket in the 
vicinity of the Czar and Holbrook shafts. There is no known reason why they 
should not yet be found skirting the southern and southwestern contact of the 
porphyry, which, as recent explorations with diamond drills show, extends from 
the ice factor}^ in a southeast direction for a distance of at least 2,000 feet under 
the Glance conglomerate. 

It is true that the easterly dip of the beds southwest of the porphyry- stock 
carries the Escabrosa limestone to a much greater depth near Mule Gulch than it 
reaches in any of the present workings. It is probable that this depth, a short 
distance east of the Gardner shaft, may be so great as to preclude the occurrence 
within the Escabrosa limestone of any but original, unenriched pyritic ore, which 
may or ma}' not be workable. But judging from surface indications there has been 
considerable mineralization of the Naco limestone south of Sacramento Hill, and 
there is nothing improbable in the occurrence of high-grade ores in this limestone 
at stratigraphically higher horizons than those in which ore bodies have hitherto 
been found. The exploration of this ground calls for no greater outlay or boldness 
than is already displayed in other parts of the district with less reasonable hope 
of reward. 

The outlook for finding profitable ore bodies within the main porphyry 
stock of Sacramento Hill is not regarded as particularly promising. As the 
dump of the Copper King shaft shows, this rock may be very heavily 
impregnated with pyrite. But the mineralization seems to tend more to abundant 
dissemination than to the formation of solid sulphide masses. Even if the latter 
occur, it is doubtful whether they would be found suflBciently cupriferous to 
constitute ore. Moreover, the chemical and phvsical character of the porphyrj' 
renders it very much less favorable than the limestones to the deep oxidization 
and secondary concentration that has played so important a part in the genesis 
of the known ore Ixxiies. Very little exploration of the porphyry has been made, 
however, and work in this direction can not be condemned as altogether vain. 

Scattered over the quadrangle are several outlying prospects — some following 
up surface indications of mineralization, others honestl}' testing, at considerable 
outlay of capital, various geological hypotheses. No attempt will here be made 
to measure out to these enterprises the probable success or failure likely to be 
their respective portions. It is hoped that the general conclusions reached in this 
respect as to the geological relations of the ore bodies may prove to be of value 
in affording the mining engineer a general basis of fact from which he may 
intelligently plan individual operations. 

In conclusion, it may be said that Bisbee is less likely to suffer from a lack 
of ore than from too rapid exhaustion of those high-grade oxidized ores which 
are necessary for the economical smelting, by present processes, of the low-grade 
sulphides. 
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